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SECTION  OF  GEOLOGY  AND  MINERALOGY 

TRIASSIC  AGE  RIFT  STRUCTURE  IN  EASTERN  NORTH  AMERICA* 
By  George  W.  Bain 

Department  of  Geology,  Amherst  College,  Amherst,  Mass. 

Introduction 

Triassic  Age  rocks  in  eastern  North  America  have  never  extended  far 
beyond  the  limits  that  they  now  occupy.  The  geography,  form,  and  dimen¬ 
sions  of  their  basins  were  essentially  the  same  as  those  existing  in  the 
rift  areas  of  central  Africa  at  the  present  time.  This  generalization  is 
based  on  detailed  studies  in  the  Connecticut  River  Valley,  examination 
of  sample  regions  farther  afield  in  the  Triassic  of  eastern  North  America, 
and  an  air  and  ground  inspection  of  a  large  part  of  the  African  rift  zone. 
This  restoration  of  the  Triassic  scene  is  very  different  from  the  classic 
one  given  by  Bradley*  in  compiling  the  first  geological  map  of  North 
America  in  1876,  since  then  reproduced  in  nearly  every  geology  text¬ 
book. 

Description  of  the  fanglomerates  of  the  Fairfield-Gettysburg  quadrangle 
by  Stose  and  Bascom^  indicated  that  the  Triassic  did  not  extend  far  west 
of  its  present  border.  Likewise  the  east  border  of  the  Connecticut  Valley 
is  the  receded  front  of  a  block  mountain  (Bain,^  Bain  and  Meyerhoff*) 
partly  excavated  in  Cenozoic  time.  Fanglomerates  of  the  Richmond,  Va., 
coal  field  are  limited  to  the  west  side  of  the  basin  (Woodworth*).  It  is 
amazing  that  the  repoited  geology  of  the  Triassic  has  remained  un¬ 
changed  for  so  long,  although  Emersor^  and  others  have  indicated  ab¬ 
sence  of  a  postsedimentation  fault  for  extensive  parts  of  the  border  to 
the  main  area  of  deposition. 

These  Triassic  basins  are  in  a  zone  of  high  college  density;  they  offer 
opportunity  for  mature  as  well  as  elemental  study.  The  “New  Red  Sand¬ 
stone”  here  has  a  structural  and  sequential  position  in  regional  history 
that  corresponds  to  the  “Lower  New  Red  (Permian)”  of  Germany,  as  well 
as  the  “Old  Red  (Devonian  and  Silurian)”  of  Scotland  and  North  Ireland. 
The  basins  for  each  of  these  arkose  deposits  are  on  rift  structures 
formed  as  a  waning  phase  of  major  orogenies,  and  they  may  be  in  or 
outside  the  domains  of  major  disturbance. 

The  Triassic  Age  Basins  of  Eastern  North  America 

Six  major  Triassic  areas  are  recognized  in  eastern  North  America  and 
are  along  a  rift  zone  from  the  Bay  of  Fundy  to  the  Carolines.  They  lie 
sometimes  on  the  west  of  a  fault  zone,  at  others  to  eastward  from  a  fault 
zone,  and  occasionally  athwart  one  (figure  1).  Fanglomerates  are 
on  one  side  of  a  basin  only,  and  they  show  that  fill  has  been  predomi- 

*This  paper.  Illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
on  March  4,  1957, 
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Figure  1.  Triassic  faults  and  basins  of  eastern  North  America.  The  basins  \ 
occupy  a  narrow,  nearly  NE  zone.  Identified  major  faults,  as  distinct  from  in¬ 
ferred  faults,  are  at  20°  to  40°  southeasterly  from  the  general  zone.  Comparison  I 


nantly  from  one  side;  elevation  of  the  provenance  area  was  partly  earlier 
and  partly  contemporary  with  basin  subsidence.  Basins  located  athwart 
the  fault  zone  are  usually  very  shallow. 

The  Fault  Pattern 


) 


Some  basins  spread  mainly  westward  from  the  fault  zone  (eastern 
basins)  and  others  spread  eastward  (western  basins);  the  deepest  part 
is  always  on  the  side  of  the  area  adjacent  to  the  fault  zone  that  is  re¬ 
sponsible  for  their  popular  and  illogical  nomenclature.  Sometimes  the 
fault  zone  splits  and  two  separate  but  related  fault  systems  appear  on 
either  side  of  the  entire  zone. 

Eastern  and  western  basins  do  not  occur  on  the  same  section  trans¬ 
verse  to  the  length  of  the  entire  zone  except  for  overlap  in  forked  sys¬ 
tems  where  one  increases  in  magnitude  as  the  other  wanes.  The  classic 
case  shows  the  Connecticut  Valley  basin  ending  southward  before  the 
New  Jersey  basin  begins.  The  Deep  River  basin  wanes  as  the  Danville 
basin  deepens.  Wherever  two  basins  appear  in  full  magnitude  on  the 
same  transverse  section,  as  in  the  instances  of  the  Pomperaug-Con- 
necticut  Valley  and  the  Taylorsville-Richmond  basins,  the  provenance  of 
detritus  is  from  the  same  direction  and  the  structures  are  repetitive  and 
not  symmetrical. 

The  “basin  faults”  are  not  continuous.  The  New  Jersey  “Ramapo 
fault  zone”  has  not  been  identified  as  continuous  into  New  England, 
and  the  “Connecticut  Valley  faults”  have  not  been  recognized  in  New 


I 


with  similar  shears  elsewhere  (FIGURES  4  and  7)  suggests  southwestward  move¬ 
ment  of  the  southeastern  side  of  the  zone  relative  to  the  northwestern  side. 


Hampshire  to  the  north  or  in  New  Jersey,  Maryland,  or  Virginia  to  south¬ 
ward. 

The  southeast  “border”  faults.  The  nature  of  the  motions  and  the 
disappearance  of  the  faults  are  illustrated  best  by  the  Connecticut  Valley 
structure  north  of  Amherst,  Mass,  (figure  2.)  A  major  fault  has  been 
identified  through  Northfield  and  southward  toward  the  French  King 
Bridge  where  it  becomes  a  scarp  buried  in  debris  from  its  own  mountain. 
This  buried  escarpment  continues  southward  under  the  west  side  of  Mt. 
Toby  to  Mt.  Warner  in  Hadley.  The  Deerfield  lava  flow  above  this  buried 
scarp  is  continuous  and  undeformed.  North  of  highway  U.  S.  2  the  lava 
sheet  is  offset  by  numerous  parallel  rift  zones,  and  the  adjacent  strata 
are  upended  to  dip  45°  southeastward.  In  Northfield  the  conglomerates 
are  pinched  downward  to  a  nearly  vertical  position  adjacent  to  the  fault. 

A  fault  zone  lying  a  few  miles  east  of  the  Northfield  rift  begins  at 
South  Amherst,  repeats  the  structures  described  above  in  the  Holyoke 
Range  (figure  3),  and  continues  southward  to  Chicopee. 

A  partial  repetition  of  the  structure  occurs  east  of  Middletown,  Conn., 
in  the  downbent  strata  and  continues  to  near  North  Guilford. 

The  northwest  “border”  faults.  The  faults  of  the  New  Jersey  basin  are 
best  known  for  this  series,  and  the  group  beginning  north  of  Trenton  in¬ 
creases  greatly  in  magnitude  as  it  approaches  the  northwest  border  and 
merges  with  it.  The  strata  are  depressed  progressively  northwestward 
past  Cushetunk  Mountain.  However,  spur  ridges  from  the  predeposition 
receded  escarpment  appear  at  Pottersville  eastward  toward  Cushetunk 
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FIGURE  2.  The  Northfield-Deerfield  Triassic  basin.  The  major  basin-making 
fault  is  buried  south  of  highway  U.  S,  2  and  does  not  offset  the  Deerfield  lava 
sheet.  North  of  highway  U.  S.  2,  continuing  distributive  movement  in  the  fan- 
glomerate  basin  fill  caused  strike-slip  faults  through  the  lava  flow. 

7 

and  near  Annandale  to  westward.  Strike  of  faults  is  essentially  parallel 
to  those  in  the  “east-wall”  series,  but  otherwise  the  movements  and 
variation  in  behavior  are  the  same. 

The  fault  combination.  The  faults  represent  shear  by  a  couple  that 
occurs  frequently  on  a  smaller  scale,  as  in  a  dike  in  the  United  Verde 
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Figure  3.  The  Holyoke  Range-Chicopee  structure.  The  volcanics  and  ! 

associated  arkose  beds  of  the  Holyoke  Range  have  been  bent  around,  upended, 
and  slid  southward  on  spaced  faults  by  cross-buckling  on  the  Mt.  Wamer-South 
Amherst  axis  simitar  to  that  seen  on  the  Lake  Tanganyika  terraces  (see  FIGURE 
8). 

Mine  at  Jerome,  Ariz.  (figure  4),  at  Chuquicamata,  Chile,  or  in  the 
African  rift  valley.  The  faults  represent  a  set  of  shear  planes  developed 
independently  in  separate  domains. 

The  Age  of  the  Faults  ~ 


There  exists  a  tendency  to  consider  faults  as  active  throughout  their 


SURE  4.  Shearing  in  a  dike  at  Jerome,  Ariz.  This  dike  has  a  series  of  spaced  secondary  shears  that  are  dragged  adjacent  to  the 
shear  on  the  dike  margin.  These  secondary  shears  are  analogous,  but  in  the  opposite  sense,  to  the  basin  shears  of  the  Triassic 
Lfts,  whereas  the  dike  margin  shears  correspond  to  the  major  movement  in  the  eastern  part  of  the  continent. 
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final  length  at  all  stages.  This  is  contrary  to  the  record  of  both  recent 
and  ancient  strike-slip  faults  where  the  fault  phases  are  displayed  over 
considerable  length.  Experimental  production  of  faults  with  dip-slip 
shows  likewise  that  the  time  of  principal  movement  varies  from  point  to 
point. 

The  Northfield  Fault.  The  Northfield  Fault  can  be  traced  through 
Massachusetts  from  near  the  New  Hampshire  line  to  Hadley  by  an  inter¬ 
mittent  series  of  crystalline  basement  outcrops  rimmed  by  arkose  beds 
at  a  height  of  more  than  a  mile  stratigraphically  above  the  base  of 
the  Newark  series  in  this  area.  Water  wells  along  the  west  side  of 
the  valley  indicate  that  the  dips  of  the  Sugarloaf  Arkose  and  of  the 
crystallines  upon  which  it  rests  are  essentially  uniform  from  the  west 
wall  to  a  point  near  the  Connecticut  River  (prcuRE  2).  Here  the  Sugar- 
loaf  Arkose  is  overlain  by  the  Deerfield  lava  flow  and  this  can  be  traced 
northward,  southward,  and  eastward,  where  it  ends  in  a  frothy  front 
against  fanglomerate  dip  slopes  along  the  east  wall  of  the  basin.  No 
part  of  the  major  basin-making  fault  or  any  splinter  thereof  breaks  this 
flow  south  of  Turners  Falls.  North  of  Turners  Falls  a  series  of  strike- 
slip  faults  rift  the  continuity  of  the  flow  and  drag  the  beds  southward 
and  downward  to  produce  steep  dips  everywhere  north  of  highway  U.  S.  2. 

The  scarp-making  movement  obviously  ceased  from  Northampton 
through  Hadley,  Sunderland,  and  Montague  before  extrusion  of  the  Deer¬ 
field  sheet,  whereas  rifting  movement  continued  thereafter  at  Turners 
Falls,  Gill,  and  possibly  at  Northfield  (a  well  at  Northampton  penetrated 
3700  ft.  of  arkose  without  reaching  the  crystalline  basement).  The  scarp 
face  receded  for  two  miles  at  Hadley  and  Amherst,  and  the  pediment  is 
mantled  by  a  scree  conglomerate;  the  scarp  face  receded  about  one  mile 
at  Mt.  Toby,  and  its  fringe  of  spur  ridges  more  than  one  half-mile  high 
is  buried  in  contemporary  talus  and  in  unsorted  scree  that  has  boulders 
up  to  six  feet  in  diameter.  Between  Sunderland  and  Montague,  rock  falls 
crashed  down  into  lake  deposits  indicating  inconsequential  scarp  re¬ 
cession  (Bain^).  Thus,  at  different  places  along  its  length  this  fault 
block  varied  from  extreme  youth  to  fair  maturity. 

Other  Connecticut  Valley  scarps.  Another  escarpment  began  near 
South  Amherst  and  trended  toward  Chicopee.  Movement  on  it  was  incon¬ 
sequential  after  eruption  of  the  Granby  tuff;  the  overlying  Chicopee  shale 
and  Longmeadow  sandstone  rarely  have  dips  in  excess  of  10°.  On  the 
other  hand,  the  Holyoke  flow  and  the  associated  arkosic  beds  have  dips 
up  to  80°  at  the  east  end  of  the  Holyoke  Range. 

The  great  fanglomerates  of  Mt.  Toby  and  Granby  had  their  provenance 
to  eastward,  presumably  in  this  rising  block.  Donaldson^  studied  the 
sphericity  and  size  of  the  detritus  immediately  below  the  Holyoke  flow 
which  provides  a  five-mile  section  out  from  the  east  wall;  he  found 
sphericity  improving  and  size  decreasing  westward.  His  measurements 
show  that  the  eastern  limit  of  sedimentation  was  close  to  the  present 
east  side  of  the  basin. 
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Figures.  Movement  at  Cushetunk  Mountain,  N.  J.  The  Sourland  Mountain 
and  Cushetunk  Mountain  Faults  are  part  of  the  continuing  movement  of  the  base¬ 
ment  rocks  near  the  northwest  side  of  the  entire  rift  zone.  Termination  of  the 
Watchung  flows  by  overlap  on  the  fanglomerates  indicates  the  pre-existence  of  a 
receded  major  fault  scarp. 

The  New  Jersey  basin  scarps.  The  fanglomerates  of  the  New  Jersey 
basin  are  on  the  northwest  side  adjacent  to  the  Ramapo  front.  A  spec¬ 
tacular  conglomerate  with  Wappinger  limestone  boulders  up  to  eighteen 
inches  in  diameter  appears  in  the  West  Shore  Railroad  cut  near  Stony 
Point  at  the  north  end  of  the  basin.  The  fanglomerate  crystalline  con¬ 
tact  is  not  exposed;  however,  any  fault  at  this  place  has  small  throw 
because  the  boulder  source  is  on  the  adjacent  ridge  to  the  northwest. 
The  boulders  were  moved  by  wash  on  a  very  steep  gradient,  and  the 
basin  was  already  there  to  receive  the  fill;  it  was  not  downfaulted  later. 

More  southerly  basins.  The  fanglomerates  of  the  Fairfield-Gettysburg 
region  spill  eastward  beyond  the  pediment,  but  they  do  not  extend  across 
the  basin.  The  same  thing  recurs  in  the  Culpepper  basin  of  Virginia. 
More  easterly  basins  at  Charlottesville  and  Richmond  have  fanglomerates 
on  their  west  side;  these  fanglomerates  do  not  spill  across  a  basin  to 
the  next  one  and,  for  each  basin,  they  were  derived  from  local  block 
mountains. 
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General  age  of  the  faults.  All  of  the  basins  derived  a  major  part  of 
their  fill  from  adjacent  high  relief  areas.  Deposition  was  on  fans  that 
did  not  maintain  high  slope  across  the  entire  basin.  This  sedimentation 
condition,  considered  in  ccxijunction  with  a  wide  variety  of  observed 
critical  sedimentary  relationships  in  the  Connecticut  Valley  basin, 
indicates  that  the  principal  faulting  was  contemporary  with  or  earlier 
than  the  basin  fill,  not  later  as  is  generally  pictured. 

Movement  on  the  Faults 

Direction  of  motion  on  the  basin-making  faults  is  displayed  where 
movement  continued  after  some  fill  had  been  inlaid.  This  is  clear  in  the 
Northfield-Deerfield  basin,  the  Holyoke  Range-Springfield  section,  and 
at  Cushetunk  Mountain. 

The  Northfield-Deerfield,  Mass.,  basin.  Upending  of  strata,  offset  of 
horizon  markers  in  eastern  blocks  southward  relative  to  projection  of 
their  strike  from  western  blocks,  and  placing  them  against  the  relatively 
undisturbed  strata  south  of  Turners  Fails  means  that  the  east  side 
moved  south  relative  to  the  basin  and  dragged  the  basin  with  it.  Shorten¬ 
ing  of  the  basin  while  width  remained  constant  caused  subsidence  and 
underthrusting  from  east  to  west. 

The  Holyoke  Range  section.  The  east  side  of  the  Connecticut  basin 
for  this  region  drifted  southward  many  miles  (Bain^*^)  before  deposition  of 
the  Chicopee  shale  and  the  motion  was  attended  by  development  of  a 
number  of  diagonal  faults. 

The  Middletown,  Conn.,  section.  The  eastern  border  strata  are  com¬ 
pressed  downward  and  dragged  southward  in  structures  resembling  those 
at  Northfield,  Mass.  However,  movement  at  the  eastern  border  had  es¬ 
sentially  ceased  some  distance  north  of  North  Guilford  where  the  middle 
lava  flow  rests  upon  the  crystallines. 

Cushetunk  Mountain,  N.  J.  The  northwestern  side  of  Cushetunk  Moun¬ 
tain  is  dragged  northeast  and  the  strata  dip  35°  to  45°  northwestward. 
This  indicates  a  northeastward  motion  of  the  western  block  relative  to 
the  southwestward  drifting  basin  (figure  5). 

Comparable  Structures  of  Recent  Age 

The  rift  valleys  of  Africa  and  the  San  Andreas  Rift  of  California  have 
most  forms  of  the  Triassic  Age  troughs.  Their  distinctive  topography  and 
structure  aids  understanding  of  features  within  the  Triassic  areas. 

The  Rift  Valleys  of  Africa 

Exposure  of  the  fault  plane  within  the  rift  valley  province  is  a  rare 
occurrence.  Critical  examination  of  the  escarpments  of  the  Western  Rift 
shows  that  the  reverse  faults  reported  from  there  were  made  while  under 
confining  pressure  of  several  thousand  feet  of  rock.  The  only  recent 
fault  surface  of  a  major  block  mountain  front  is  on  the  Kasali  Range  at 
Ruindi  Hot  Springs  and  had  strike-slip  movement. 
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Figure  6.  Fluted  surface  on  the  Kasali  Range  escarpment.  The  fluting 
plunges  at  about  10°  to  15°  toward  the  right.  The  lower  part  is  concealed  by 
slides.  The  upper  part  has  been  removed  by  recession  of  the  fault  scarp  to  an 
angle  of  inclination  lower  than  the  fault  plane  without  loss  of  the  general  fault 
scarp  form. 

The  Kasali  Fault.  The  Kasali  escarpment  extends  from  near  Ruindi 
Camp  past  Ruindi  Hot  Springs  to  the  west  shore  of  Lake  Kivu.  The  ex¬ 
posed  surface,  just  south  of  Ruindi  Hot  Springs,  is  nearly  vertical  and 
deeply  fluted;  the  fluting  pitches  northward  at  about  10°  below  horizontal 
and  movement  is  essentially  strike-slip  (figure  6).  This  fault  ter¬ 
minates  at  a  short  distance  northward  and  rift  valley  movement  is  re¬ 
sumed  on  the  Ruindi  Fault  and  on  the  Kabasha  Fault  farther  to  the  west 
(figure  7). 

The  Nile  headwaters  section.  The  Kabasha  escarpment  borders  the 
Ruindi  plain  on  the  west  and  rises  abruptly  from  it;  the  plain  extends 
eastward  indefinitely.  Farther  south  an  escarpment  extends  from  Kisenyi 
almost  to  Costermansville,  and  a  series  of  en  echelon  slashes  carry  the 
movement  eastward  to  the  Tanganyika  trench.  The  Kabasha  escarpment 
continues  along  the  west  side  of  Lake  Edward  to  a  point  near  its  outlet 
and  there  its  Ituri  block  declines  to  plain  level  as  at  Ruindi  Hot  Springs; 
but  along  its  extension  northward,  the  Ruwenzori  block  rises  along  the 
east  side.  At  the  same  place  a  series  of  echelon  NNE  gashes  with  small 
vertical  component  offset  the  plain  area  to  westward.  The  Semliki  River 
flows  through  the  depressed  region  from  Lake  Edward  to  Lake  Albert. 

Subsidence  of  the  rift  and  aggradation  by  fanglomerates  is  from  the 
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east  at  Ruwenzori  and  extends  westward  at  Kabasha,  although  the  two 
escarpments  seem  to  be  on  the  same  rift.  The  west  side  moved  north 
and  the  east  side  moved  south.  The  downward  movement  of  the  Kasali 
block  resulted  in  depression  of  the  basin  of  Lake  Edward  against 
Ruwenzori.  Warping  of  the  crystalline  mass  and  termination  of  a  topo¬ 
graphic  block  against  the  south  side  of  a  subsiding  basin  recurs  in  the 
Semliki  section  to  northward  from  Ruindi  and  at  Kivu  to  southward. 

The  Lake  Tanganyika  section.  The  rift  and  one  of  its  splinters  persist 
southward  from  Uvira  and  from  Usumbura  at  the  north  end  of  Lake 
1  Tanganyika;  a  depressed  area  lying  between  them  contains  the  lake. 

Northward  drift  of  the  east  side  resulted  in  uneven  warping  of  the  lake 
I  terraces  through  Ruanda  with  southward  slopes  of  as  much  as  10  per 


Figure  7.  Block  diagram  for  the  central  part  of  the  Western  Rift.  The  view 
is  southward  along  the  rift  zone;  the  west  or  right  side  moves  northward  relative 
to  the  eastern.  Note  the  en  echelon  pattern  of  the  fault  scarps;  some,  but  not 
all,  show  change  from  downthrow  to  upthrow  where  the  fault  crosses  from  the 
west  to  the  east  side  of  the  rift  zone. 
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FIGURE  8,  Terraces  of  Lake  Tanganyika  in  southern  Ruanda.  This  view 
shows  the  terrace  as  seen  from  the  west  near  the  Ruanda  boundary.  Note,  near 

En  echelon  shears  recur  at  offsets  to  the  linearity  of  Lake  Tanganyika; 
topographically,  these  resemble  the  ends  to  the  Kasali  and  Ituri  blocks. 

The  general  form  of  the  Western  Rift.  The  Western  Rift  features  can  be 
explained  best  by  predominantly  strike-slip  movement  with  multiple  en 
echelon  splinters  or  slash  faults  at  intervals  to  permit  offsetting  and 
either  basin  subsidence  or  mountain  raising.  The  vertical  component  of 
movement  is  extremely  variable  as  shown  by  the  sharply  warped  terraces 
of  Lake  Tanganyika  and  the  decline  in  the  height  of  the  ridge  to  the 
Kasali  block  parallel  to  the  fault  fluting;  The  echelon  slash  faults  per¬ 
mit  either  widening  of  the  basin  or  compression  and  steepening  of  the 
Pliocene  Age  strata  on  reverse  faults,  much  as  a  furrier  changes  the 
form  of  a  skin  on  which  he  is  working.  The  west  side  of  the  entire  rift 
zone  moves  north,  and  the  east  side  south;  however,  as  a  result  of  the 
movement  on  the  slashes,  some  western  blocks,  including  the  Kasali 
Range,  are  carried  north  farther  than  the  more  westerly  Ruindi  Range. 

The  San  Andreas  Rift  of  California 

The  San  Andreas  Rift  of  California  has  the  complexity  of  the  African 
rift,  but  on  a  somewhat  lesser  scale.  Locally  the  rift  is  along  the  base 
of  a  western  mountain;  elsewhere  it  is  along  the  base  of  an  eastern 
range,  and  at  many  places  it  is  in  the  middle  of  the  valley.  This  alter¬ 
nation  of  topographic  location  persists  through  the  Imperial  Valley  basin 
and  the  Gulf  of  Lower  California.  Like  the  Western  Rift  of  Africa,  its 
eastern  side  is  moving  southward. 

Qualifications  of  the  Triassic  Structures  as  Rifts 

The  Triassic  regions  of  eastern  North  America  have  been  described 
as  normal  fault  basins.  However,  the  steepening  of  dip  toward  the  border 
fault,  wherever  one  exists,  drag  features  in  the  strata,  and  the  reverse 
type  of  displacement  on  sympathetic  minor  faults  (Barrell  ^  and  Bain  ) 
are  discordant  with  such  an  interpretation.  Few  basins  have  both  the 
fanglomerate  and  fault  border  exposed;  in  fact,  these  are  shown  together 
only  in  the  two  Connecticut  Valley  basins  and  the  New  Jersey  basin. 
Interpretation  of  the  movements  must  be  based  chiefly  upon  these  two 
areas. 
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the  left,  up-buckling  of  the  terrace  along  an  axis  transverse  to  the  general  rift 
movement. 

The  Connecticut  Valley  Basins 

At  least  three  Connecticut  Valley  basins  are  recognized.  They  are 
connected  by  relatively  shallow  deposits  of  scree  conglomerate. 

The  Northfield-Deerfield  basin.  The  southward  drag  of  the  fault 
blocks  north  of  highway  U.  S.  2  at  Turners  Falls  indicates  a  south¬ 
ward  drift  of  the  east  side  of  the  valley  relative  to  the  basin  itself.  The 
rocks  west  of  the  principal  fault  are  pressed  downward  to  assume  dips 
up  to  80°  eastward  at  Northfield.  Movement  after  extrusion  of  the  Deer¬ 
field  sheet  ceased  south  of  Route  U.  S.  2  and  the  buried  escarpment  can 
be  traced  southwestward  through  Montague,  east  of  Sunderland  and  west 
of  Mt.  Warner  in  Hadley.  Movement  continued  throughout  upper  Triassic 
time  at  the  north  end  of  the  basin  and  deepened  it  at  Turners  Falls, 
whereas  it  ceased  and  the  escarpment  receded  eastward  for  almost  a 
mile  between  Sunderland  and  Amherst. 

The  Holyoke  Range-Springfield  basin.  A  more  easterly  shear  just  east 
of  South  Amherst  accommodated  southward  drift  of  the  eastern  highland. 
The  great  Triassic  pediment  through  Amherst,  whereon  the  Tri'assic 
scree  conglomerate  is  in  contact  with  the  crystallines  at  about  one 
hundred  feet  below  sea  level,  has  no  recognized  major  faults.  However, 
between  South  Amherst  and  Belchertown  a  series  of  slashing  faults  and 
upending  of  beds  show  a  southward  drift  of  the  east  end  of  the  Holyoke 
Range  for  at  least  ten  miles  (Bain*°).  The  faults  die  out  southward  before 
reaching  the  Chicopee  River  and  the  arkosic  and  conglomerate  beds  over¬ 
lap  the  crystallines  east  of  Ludlow. 

The  other  Connecticut  Valley  basins.  This  general  behavior  with 
modifications  occurs  further  southeast  of  Middletown  and  the  border  or 
basin-making  fault  is  absorbed  north  of  North  Guilford,  Conn. 

The  general  motions.  Each  adjustment  plane  is  at  an  average  angle  of 
20°  to  the  length  of  the  valley;  greatest  thickness  of  sediments,  or  sub¬ 
sidence  in  the  respective  basins,  is  associated  with  the  termination  of 
this  predominantly  strike-slip  fault,  just  as  at  the  Ruindi  plain  and  the 
Semliki  River  plain  in  the  Western  Rift  valley  of  Africa.  Movement  on  the 
strike-slip  faults  has  about  the  same  angle  of  variation  above  or  below 
horizontal,  and  the  blocks  have  the  same  longitudinal  warps  as  on  the 
Tanganyika  terraces  and  the  Kasali  block  mountain. 
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The  New  Jersey  basin.  The  high  west  block  of  this  region  moved 
northeast  at  Cushetunk  Mountain  and  the  surfaces  accommodating  the 
movement  are  nearly  parallel  to  those  in  the  Northfield-Deerfield  basin, 
the  Holyoke  Range-Springfield  basin,  and  the  Middletown  region.  Motion 
of  the  northwest  side  of  the  fault  relative  to  the  southeast  is  the  same 
throughout  the  entire  length  of  the  Triassic  areas  just  as  it  corresponds 
for  the  Ruwenzori  and  Kabasha  escarpment  or  along  the  length  of  San 
Andreas,  and  is  entirely  independent  of  elevation,  neutrality,  or  de¬ 
pression. 


The  Danville  and  Deep  River  Basins 

The  two  sides  of  the  general  zone  of  basins  are  far  apart  in  this 
southern  area.  Here  motions  are  analogous  to  the  nearly  parallel  faults 
of  the  Lake  Tanganyika  basin  rather  than  the  en  echelon  slashes  from 
the  Kivu  to  Ruwenzori. 


Summary 

The  Triassic  basins  had  a  considerable  part  of  their  depth  established 
before  fill  began.  Movement  was  principally  strike-slip  and  was  attended 
by  very  erratic  buckling  of  the  basement  rock  surfaces  to  produce  both 
basins  and  ranges  that  alternated  from  side  to  side  of  the  main  rift  zone 
as  they  do  on  the  Western  Rift  of  Africa. 

Wherever  volcanic  centers  can  be  identified  as  in  the  Holyoke  Range 
region,  these  centers  are  on  a  distension  direction  transverse  to  the 
rifts  just  as  they  are  at  Nyamuragira  in  Africa. 

The  Triassic  basins  of  eastern  North  America  are  a  single  unit  orig¬ 
inating  from  a  shearing  stress  parallel  to  their  length.  Such  conditions 
recur  during  geologic  time,  and  they  follow  upon  major  earth  movements 
that  disturb  seriously  the  moment  of  momentum  of  large  blocks  of  the 
earth. 
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Introduction 

This  work  is  concerned  primarily  with  chromium  films  prepared  by  the 
method  of  vacuum  evaporation.  Initial  results  were  straightforward  and 
could  be  represented  by  a  curve  in  which  the  average  temperature  co¬ 
efficient  of  resistance,  between  25°  and  105°  C.,  varied  continuously 
with  the  electrical  resistance.  The  temperature  coefficient  varied  from 
about  +  150  X  10'* /°C.  to  -  400  x  10  * /°C.  over  the  resistance  range  of 
100  to  2000  ohms  per  square.  To  check  these  results  new  films  were 
prepared  at  a  given  resistance  value.  The  original  results  could  not  be 
reproduced.  Subsequent  experiments  also  gave  a  random  value  of  tem¬ 
perature  coefficient,  with  the  latter  varying  from  -400  to +200x10  /°C. 
The  method  by  which  reproducibility  could  be  obtained  indicated  not 
only  the  need  for  very  careful  techniques,  but  also  some  of  the  factors 
that  influence  the  behavior  of  thin  metal  films. 

The  anomalous  behavior  of  thin  metal  films  is  well  substantiated  in 

1,2 

the  literature.  Resistivities  that  are  one-thousandfold  greater  than 
that  of  the  bulk  metal  have  been  obtained.  Temperature  coefficients  of 
resistance,  depending  on  film  thickness,  are  appreciably  smaller  than 
that  of  the  bulk  metal  and  are  frequently  strongly  negative.  It  is  doubtful, 
however,  if  any  general  rule  can  be  formulated  for  the  detailed  electrical 
behavior  of  such  films.  All  of  the  factors  that  influence  the  structure  of 
the  film  should  affect  its  properties.  These  include  the  metal  itself,  the 
substrate  and  temperature  of  deposition,  the  pressure  at  which  the  film 
was  deposited,  and  its  subsequent  thermal  history.  Silver  films  with 
thickness  down  to  200  A.  retained  a  positive  temperature  coefficient  with 
the  same  magnitude  as  the  bulk  metal.  Nickel  and  iron,*  prepared  by 
sputtering  and  with  a  thickness  of  500  X.  had  negative  temperature  co¬ 
efficients.  AnUmony  films®  increased  in  resistivity  20-fold  in  the  range 
2000  to  330  A.,  but  they  maintained  a  positive  temperature  coefficient 
markedly  different,  however,  from  the  bulk  material.  Films  with  thickness 
less  than  100  A.  composed  of  nickel,  chromium,  platinum,  rhodium, 
molybdenum,  tantalum,  and  tungsten,  prepared  by  vacuum  evaporation, 
had  pronounced  negative  temperature  coefficients.^  Where  resistivity  ^s 
concerned,  the  marked  increase  usually  occurs  for  films  under  300  A. 
Very  little  can  be  said  for  temperature  coefficient  of  resistance.  Thus, 
sputtered  gold  films  of  30  X.  thickness  still  had  a  positive  temperature 

*This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
on  March  5,  1957. 
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coefficientf  Where  a  negative  temperature  coefficient  does  occur,  it  can 
be  expected  to  become  more  negative  as  film  thickness  decreases. 

Experimental  Details 

Substrate.  Microscope  glass  and  Pyrex  slides  were  used  as  substrates. 
These  were  cleaned  and  polished  with  lens  tissue  before  use  in  the 
evaporator.  A  printed  circuit  containing  current,  voltage,  and  Hall  voltage 
leads  was  fired  onto  the  central  portion  of  the  slide.  The  part  of  the 
film  upon  which  electrical  measurements  were  made  was  produced  by 
evaporation  through  a  mask.  The  film  is  joined  to  the  printed  circuit  by  a 
set  of  probes  that  is  an  integral  part  of  the  evaporated  film.  The  dimen¬ 
sions  of  this  section  of  metal  film  are  1/8  in.  by  3/8  in.  The  adjacent 
section  of  film  is  used  for  measurements  of  film  thickness.  For  this 
purpose,  multiple  beam  interferometry  as  described  by  Tolansky^  was 
used.  Figure  1,  which  is  a  100  A.  chromium  film,  shows  the  type  of 
results  that  can  be  obtained.  Difficulties  in  measurement,  especially  on 
the  thinner  films,  lead  us  to  associate  an  average  error  of  about  10  per 


r 


FIGURE  1.  Multiple  beam  interference  fringes  for  a  100  X.  film. 
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cent  with  the  thickness.  This  method  was  adopted  over  the  method  of 
direct  weighing  or  chemical  analysis  because  of  the  uncertainties  in  the 
densities  of  the  film.  For  copper  and  silver  it  has  been  shown  that  the 
film  densities  differ  appreciably  from  the  bulk  densities  and  are  in  fact 
dependent  on  the  film  thickness.^ 

Method  of  evaporation.  After  the  substrates  were  mounted  in  the  vacuum 
evaporator  they  were  further  cleaned  by  glow  discharge.  The  pressure 
was  then  reduced  and  the  substrate  outgassed.  Electroplated  chromium, 
as  well  as  pure  chromium  wire  obtained  from  the  United  States  Bureau  of 
Mines,  Washington,  D.  C.,  was  used  as  a  vapor  source.  The  samples  so 
obtained  were  then  heat-treated  in  air  for  2  hr.  at  250°  C.  No  differences 
could  be  seen,  whether  one  used  electroplated  chromium  or  chromium  wire. 
In  neither  case  would  one  expect  contamination  from  the  heater  material; 
the  fact  that  no  differences  occurred  confirmed  this.  After  diis  treatment 
the  films  were  quite  stable.  As  indicative  of  the  film  stability  we  men¬ 
tion  the  following:  a  film  with  resistivity  147x10’®  ohm-cm.  changed  only 
3  per  cent  after  being  heated  at  450°  C.  for  1  hr.  in  vacuo.  Another  film 
with  p  =  274  X  10*®  ohm-cm.  was  unchanged  after  two  months,  changed 
9  per  cent  after  heating  in  vacuo  at  450°  C.  for  15  min.,  but  showed  no 
further  change  after  another  hour  at  this  same  temperature. 

A  four  terminal  method  was  used  for  resistance  measurements  in  order 
to  minimize  possible  contact  effects,  especially  in  connection  with  meas¬ 
urements  of  resistance  versus  temperature.  Stability  of  the  sample  was 
checked  in  all  such  measurements  by  always  remeasuring  the  resistance 
at  room  temperature  so  that  effects  due  to  resistance  drift  could  be  recog¬ 
nized.  Election  diffraction  measurements  were  made  by  Leonard  Muldawer 
of  Temple  University,  Philadelphia,  Pa.  For  this  purpose  part  of  the 
same  slide  that  was  used  for  thickness  as  well  as  electrical  measure¬ 
ments  was  used.  This  process  resulted  in  a  reflection  rather  than  a 
transmission  method.  Electron  diffraction  studies  on  thin  films  have 
usually  been  made  by  deposition  on  a  thin  substrate,  for  example,  col¬ 
lodion,  transparent  to  the  electron  beam.  Under  such  a  circumstance, 
with  a  substrate  markedly  different  from  that  used  for  electrical  measure¬ 
ments,  it  was  seriously  questioned  whether  the  results  would  be  per¬ 
tinent.  For  this  reason,  and  at  the  expense  of  a  better  defined  technique, 
reflection  methods  were  used. 

Discussion  of  Results 

It  should  be  emphasized  that  all  results  reported  here  are  on  films  sub¬ 
jected  to  the  thermal  history  mentioned  above.  A  film  not  so  subjected 
is  unstable  and  it  is  questionable  as  to  just  what  the  electrical  measure¬ 
ments  show  except  for  the  instability  of  the  film.  Chromium  films  were 
prepared  with  thickness  ranging  from  about  70  to  1000  X.,  and  resistivi¬ 
ties  from  1300  to  60  x  10*®  ohm-cm.  These  are  shown  in  figur  e  2.  Note 
that  with  increasing  film  thickness  60  x  10"®  ohm-cm.  is  asymptotically 
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FIGURE  2>  Resistivity  vs.  thickness  for  Cr  films. 


approached.  Films  with  resistivities  greater  than  that  shown  in  figure 
2  are  readily  obtained,  but  generally  are  much  less  stable.  Under  200  X. 
or  100  X  10’®  ohm-cm.  the  resistivity  chaises  very  rapidly  with  film 
thickness,  whereas  films  greater  than  400  A.  change  slowly  with  film 
thickness. 
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Comparing  these  results  with  those  obtained  for  gold  sputtered  onto  a 
bismuth  oxide  substrate^  we  obtain  the  following: 


t(A.) 

p  film/p  bulk  gold 

p  film/p  bulk  chromium 

400 

2.16 

5 

200 

2.74 

8.5 

80 

3.48 

80 

Thus,  the  thickness  effect  on  chromium  films  is  much  more  severe  than 
with  gold.  It  is  of  interest  to  mention  that  thin  electroplated  chromium, 
deposited  at  high  current  density,  has  a  resistivity  3  to  4  times  that  of 
the  bulk  value.®  Reduction  to  near  bulk  value  is  accomplished  only  by  a 
severe  heat  treatment  to  1000°  C.  The  high  resistivity  of  the  electro¬ 
plated  chromium  was  attributed  to  finely  dispersed  chromic  oxide  that 
became  segregated  by  the  high  temperature  heat  treatment. 

The  average  temperature  coefficient,  measured  between  25°  and  105° 
C.,  is  shown  plotted  against  resistivity  in  figure  3.  Temperature  co¬ 
efficients  from  about  +  680  to  -  250  x  10'*/°  C.  are  shown.  At  about 
600  X  10'*  ohm-cm.  the  temperature  coefficient  goes  through  zero.  The 
temperature  coefficient  changes  quite  rapidly  with  resistivity.  To  examine 
the  effect  of  temperature  coefficient  of  expansion,  Pyrex  having  a  co¬ 
efficient  one  fourth  that  of  the  microscope  slide,  which  is  a  hard  lead 
glass,  was  used.  Although  films  prepared  on  Pyrex  fell  on  the  same 
resistivity  thickness  curve,  the  temperature  coefficients  were  lower  than 
on  the  microscope  slide.  If  the  situation  with  respect  to  Pyrex  were  one 
involving  differential  coefficients  of  thermal  expansion  of  the  Pyrex  and 
metal  film,  one  would  expect  more  positive  results  with  Pyrex  as  com¬ 
pared  to  the  lead  glass.  If,  on  the  other  hand,  the  film  precisely  followed 
the  expansion  of  the  glass,  the  results  on  the  microscope  slide  should 
be  more  positive.  Actually,  a  simple  estimate  of  the  latter  effect  shows 
this  to  be  inconsequential.  There  is  another  difference,  however,  between 
the  Pyrex  and  the  microscope  slide,  involving  their  methods  of  manu¬ 
facture.  The  Pyrex  slide  is  ground  and  polished,  whereas  the  microscope 
slide  with  a  lower  softening  point  is  made  by  a  melting  and  rolling 
process.  The  result  of  this,  as  mentioned  by  Tolansky,’  is  to  give  a 
surface  which,  over  small  regions  of  the  order  of  0.01  mm.,  is  smooth 
and  flat  to  better  than  l/200th  of  a  wave  length.  The  differences  of  the 
two  surfaces  may  be  responsible  for  the  differences  in  temperature  co¬ 
efficient  of  resistance.  No  attempt  has  been  made  to  produce  films  of 
large  negative  temperature  coefficient,  although  these  are  easily  ob¬ 
tained.  With  gold*  and  silver*  the  temperature  coefficients  of  resistance, 
although  smaller  than  that  of  the  bulk  metal  and  decreasing  with  film 
thickness,  do  not  attain  positive  values. 

Figures  4,  5,  and  6  show  the  resistance  temperature  behavior  of 
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FIGURE  3.  Temperature  coefficient  vs.  resistivity,  p  for  Cr  films. 
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FIGURE  4.  Resistance  vs.  temperature  for  Cr  films. 

siderably  more  curvature.  Films  with  the  latter  and  more  negative  tem¬ 
perature  coefficients  have  often  been  regarded  as  semiconductors, 
ivletallic  chromium  is  normally  body-centered  cubic  with  a  lattice 

O 

Spacing  of  about  2.88  A,  Under  some  circumstances  one  can  obtain  a 
face-centered  cubic  form  that  reverts  rapidly  to  the  body-centered  form. 
Electron  diffraction  studies  on  chromiuin  films  gave  a  set  of  8  rings  that 
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could  be  indexed  as  face-centered  cubic  with  a  lattice  spacing  of  5.61  A. 
In  some  cases  there  were  superimposed  strong,  sharp  spots  upon  the 
continuous  lines,  indicative  of  preferred  orientation.  The  orientation  was 
such  that  the  (100)  planes  were  parallel  to  the  glass  substrate,  but  with 
random  orientation  relative  to  an  axis  normal  to  the  surface  of  the  glass. 
In  some  cases,  extra  lines  not  identified  were  also  present.  Neither 
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FIGURE  5.  Resistance  vs.  temperature  for  Cr  films. 
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FIGURE  6.  Resistance  vs.  temperature  for  cr.  films. 

chromium  nitride,  oxide,  or  tungsten  oxide  could  be  associated  with  the 
results  obtained.  With  heavier  films  a  distorted  body-centered  cubic  form 
was  obtained.  The  results  were  so  unusual  that  they  were  repeated  with 
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new  samples.  Attempts  were  jnade  to  check  these  results  by  X-ray  dif¬ 
fraction.  The  normal  body-centered  structure  could  be  identified  on 
special  heavy  films  1500  X.  in  thickness.  Actually,  for  films  under  about 
600  X.  it  is  difficult  to  obtain  more  than  a  single  line  by  X-ray  diffrac¬ 
tion.  We  are  still  not  certain  that  the  face-centered  structure  obtained  by 
electron  diffraction  is  indeed  the  case,  or  whether  some  artifacts  as¬ 
sociated  with  the  reflection  technique  are  responsible.  Assuming  that 
the  thin  metal  films  do  crystallize  in  the  face-centered  cubic  system, 
then  in  order  to  maintain  a  similar  volume  per  atom  there  must  be  12 
atoms  in  the  unit  cell.  This  would  yield  a  density  three  fourths  that  of 
bulk  chromium. 


Conclusion 

A  number  of  theories  have  been  proposed  to  explain  the  behavior  of 
thin  metal  films.  The  mean  free  path  of  the  electron  in  the  bulk  metal  is 
of  the  order  of  or  greater  than  the  thickness  of  the  film.  Additional  scat¬ 
tering  processes  occur  at  the  walls  of  the  film,  so  that  the  mean  free 
path  in  the  film  is  smaller  than  that  in  the  bulk  metal  and  decreases 
monotonically  with  decrease  in  film  thickness.  The  resistivity  of  the  film 
should  therefore  increase.  For  diffuse  scattering  from  the  boundaries  of 
the  film,  Sondheimer*°  gives  the  following; 

Film  thickness  /  mean  free  path  Film  resistivity  /  bulk  resistivity 

0.001  182 
0.1  4.72 

o 

The  mean  free  path  of  copper  is  420  A.;  one  would  expect  chromium  to 

have  a  smaller  value.  Thus  a  ratio  of  0.1  would  correspond  to  a  film  not 
o 

more  than  40  A.  in  thickness.  Under  this  circumstance  the  behavior  of  the 
resistivity  of  chromium  could  not  be  explained.  In  addition,  as  Wright** 
has  pointed  out,  such  a  mean  free  path  theory  could  never  give  negative 
temperature  coefficients.  Harris  and  Shaffer®  explain  the  behavior  of 
antimony  films  and  especially  the  negative  temperature  coefficients  in 
bismuth  films  in  terms  of  the  trapping  action  of  surface  states.  Electrons 
removed  from  the  upper  zone  should  have  the  same  effect  as  that  brought 
about  by  their  removal  by  the  addition  of  electron  acceptors.  Since  the 
surface  to  volume  ratio  becomes  large  in  thin  films,  these  effects  that 
are  negligible  in  the  bulk  material  would  become  pronounced  in  the  thin 
film.  Such  an  effect,  however,  should  be  pertinent  only  where  the  electron 
concentration  in  the  upper  zone  is  low.  A  temperature  region  of  negative 
temperature  coefficient  would  result  if  a  small  energy  gap  separates  the 
two  upper  zones.  This  temperature  region  would  be  such  that  the  thermal 
energy  is  of  the  same  order  as  that  required  for  an  electron  to  be  raised 
to  the  upper  zone.  By  alternately  evaporating  two  metals,  lead  and  iron, 
which  do  not  form  intermetallic  compounds  or  alloys,  Brentano  and 
Richards*^  obtained  thick  films  with  negative  temperature  coefficients. 
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This  was  attributed  to  the  establishment  of  both  internal  boundaries  as 
well  as  a  deficient  lattice  development.  The  latter  could  result  in  dis¬ 
placed  energy  levels.  Both  of  the  above  effects  could  give  negative 
temperature  coefficients. 

The  suggestion “  has  also  been  made  that  thin  metal  films  that  have 
negative  temperature  coefficients  should  be  regarded  as  semiconductors. 

They  take  on  this  property  either  because  of  gas  molecules  included  in 
the  lattice,  or  occluded  at  crystal  surfaces,  or  because  the  structure  of 
thin  metal  films  is  different  from  that  in  the  bulk.  Thus,  energy  bands 
that  overlap  in  the  bulk  metal  might  not  do  so  in  the  thin  film.  In  any 
event,  any  appeal  to  a  semiconductor  type  of  band  structure  would  neces¬ 
sitate  a  relatively  low  concentration  of  carriers  in  the  conduction  band. 

Since  the  electrons  in  the  conduction  band  would  occupy  a  range  of 
energies,  the  promotion  of  any  additional  electrons,  either  from  impurity 
levels  or  a  lower  band,  would  require  sufficient  energies  to  raise  them 
to  the  level  of  the  uppermost  electrons  in  the  conduction  band.  For  a  high 
electron  concentration  in  the  conduction  band,  this  could  require  high 
energies,  greater  than  that  indicated  by  the  measured  temperature  co¬ 
efficients.  Actually,  in  the  case  of  chromium  films  some  preliminary 
Hall  coefficient  measurements  indicate  a  high  concentration  of  conduc¬ 
tion  electrons  of  the  order  of  ICP/cm.^ 

Normal  evaporating  conditions  could  certainly  introduce  gas  molecules 
into  the  film.  The  effect  of  such  inclusion  could  be  both  structural  in 
affecting  crystal  growth  and  electrical  in  introducing  gaps  between 
metallic  regions.  Thus,  the  metallic  film  is  not  necessarily  a  thin  replica 
of  the  bulk  material,  and  a  mean  free  path  theory  would  not  hold.  The 
conduction  process  would  then  involve  a  “contact”  between  metallic 
regions.  The  activation  energy  for  charge  transport  across  the  gap  is 
low,  as  shown  by  both  the  temperature  coefficient  and  the  fact  that  the 
films  are  ohmic.  Both  Gorter*^  and  Mostovetch*^  had  postulated  such  a 
gap  mechanism  to  explain  the  negative  temperature  coefficients  of  thin 
films.  The  above  would  suggest  that  the  properties  of  thin  metal  films 
are  more  associated  with  their  method  of  preparation  and  history  than 
with  any  intrinsic  property. 

To  summarize,  a  variety  of  theories  have  been  introduced  to  explain 
the  occurrence  of  negative  temperature  coefficients  in  materials  that 
show  a  positive  temperature  coefficient  in  bulk.  These  are:  (1)  trapping 
of  conduction  band  electrons  by  surface  states;  (2)  potential  barriers 
located  between  metal  aggregates;  (3)  trapping  by  adsorbed  or  occluded 
impurities;  (4)  change  in  energy  band  structure  associated  with  a  greater 
atomic  spacing;  (5)  change  in  energy  band  structure  associated  with  the  ; 

“two  dimensional  nature  of  the  film”;  and  (6)  deficient  lattice  develop-  ^ 

ment  associated  with  the  deposition  process,  which  could  result  in  dis-  j 

placed  energy  bands.  Some  of  these  theories  suggest  that  the  properties  j 
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of  metal  films  are  intrinsic  because  of  their  size,  whereas  others  intro¬ 
duce  the  effects  as  artifacts  associated  with  the  sensitivity  of  the  film 
to  its  over-all  history. 
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SECTIOX  OF  BIO  LOO  y 
NATURAL  MUTATION  IN  NONDIVIDING  BACTERIA* 
By  Francis  J.  Ryan 

Department  ol  Zoology,  Columbia  University,  New  York,  N,  Y, 


For  a  number  of  years  it  has  been  desirable  to  know  whether  mutations 
occur  as  errors  in  the  replication  of  genetic  material.  Studies  with  plants 
and  animals  have  suggested  that  gene  mutations  may  take  place  in 
stored  sperm,  pollen,  and  seeds  (D 'Amato  and  Hoffman-Ostenhof,  1956), 
but  it  has  not  been  possible  in  all  cases  to  rule  out  differential  survival 
or  to  show  that  the  genetic  material  did  not  duplicate.  Recently,  it  has 
been  demonstrated  that  similar  phenomena  occur  in  microorganisms 
(Ryan,  1955;  Wainwright,  1956),  where  a  resolution  of  the  problem  prom¬ 
ises  to  be  achieved. 

In  Escherichia  coli  a  mutation  from  a  histidine-requiring  (h~)  to  a 
histidine-nonrequiring  (h^)  condition  takes  place  in  a  way  that  can  be 
measured  with  some  precision  and  reliability.  In  the  strain  employed,  in 
which  sexual  processes  have  not  been  shown  to  occur,  it  could  be 
demonstrated  that  the  mutations  form  a  homogeneous  class  (Lieb,  1951) 
and  that  the  changed  genetic  unit  segregated  as  though  it  were  associated 
with  the  cytologiCf  lly  demonstrable  DNA-containing  bodies  or  nuclei 
(Ryan  and  Wainwright,  1954). 

Even  when  cultures  had  finished  growing  and  were  in  the  stationary 
phase  set  by  the  exhaustion  of  histidine,  mutations  continued  to  occur, 
although  at  a  rate  slower  than  during  growth.  This  was  true  whether  the 
cultures  were  on  agar  or  in  liquid;  in  both  cases  the  rate  was  the  same, 
about  lOT®  per  cell  per  hour  (versus  4  x  10~®  per  cell  per  hour  during 
growth).  Furthermore,  this  rate  remained  constant  for  more  than  two 
weeks  despite  the  exponential  death  of  cells  that  occurred  under  some 
conditions  and  could  readily  be  measured  and  taken  into  account.** 

*Thi8  paper  was  presented  at  a  meeting  of  the  section  on  March  11,  1957. 

**The  average  number  of  mutations,  m,  was  determined  from  the  fraction  of  cultures 
without  mutants,  P^,  by  the  use  of  the  zero  term  of  the  Poisson  equation 

Po~  em 

The  mutation  rate,  M,  in  the  presence  of  cell  death  was  calculated  from  the  equation 

Arm 

—  (1-  e-«) 
o 

where  k  Is  the  death-rate  constant,  t  is  the  time  in  hours  and  /Vg  is  the  initial  number  of 
h*  bacteria.  In  the  absence  of  cell  death  the  equation  used  was 


where  N  is  the  number  of  bacteria  at  time  t.  During  growth  the  mutation  rate  per  cell  per 
generation,  a,  could  be  calculated  from  the  equation 
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It  was  necessary  to  consider  a  number  of  alternative  hypotheses  in  ac¬ 
counting  for  the  late  arising  mutants.  For  example,  there  was  the  pos¬ 
sibility  that  these  delayed  mutants  resulted  from  genotypic  changes  that 
took  place  during  the  grow^th  of  the  hT  culture  in  histidine  previous  to  the 
stationary  phase,  but  that  they  were  slow-growing.  This  hypothesis  was 
rejected  when  it  was  shown  that  the  overgrowing  h'*^  mutants  had  maximal 
growth  rates  from  their  inception  and  that  the  variance  of  their  numbers 
among  different  cultures  was  that  of  the  Poisson  formulation  in  contrast 
to  the  enormous  variance  of  the  early  arising  mutants  that  arose  during 
growth.  Furthermore,  it  could  be  shown  that  the  late  arising  mutants  did 
not  have  a  long  delay  in  the  onset  of  their  division.  Such  delayed  mutants, 
induced  by  heavy  doses  of  ultraviolet  light,  began  to  grow  at  times  dis¬ 
tributed  about  some  modal  time  in  a  nonuniform  way;  the  stationary  phase 
mutations,  on  the  other  hand,  appeared  at  a  constant  rate. 

The  possibility  of  genotypic  changes  arising  during  growth,  but  being 
expressed  phenotypically  only  later  during  the  stationary  phase,  was 
eliminated  by  both  the  constancy  of  the  rate  of  appearance  of  the  late 
arising  mutants  and  by  the  small  variance  in  the  distribution  of  their 
numbers.  Furthermore,  several  lines  of  completely  independent  evidence 
indicated  that,  whatever  phenotypic  delay  occurs  in  the  expression  of 
this  mutation,  it  is  short  and  lasts  for  less  than  one  generation.  Never¬ 
theless,  it  is  conceivable  that  the  low  variance  is  caused  by  the  occur¬ 
rence  of  the  mutations  only  in  the  last  generation  of  growth  and  that 
their  constant  rate  of  appearance  is  due  to  the  slow  production  of  an 
inducer  of  the  phenotype  that  acts  through  some  trigger  mechanism.  This 
hypothesis  is  in  conflict  with  the  fact  that  more  mutations  may  occur 
during  the  stationary  phase  than  during  growth.  Finally,  one  must  ex¬ 
clude  the  possibility  that  during  the  stationary  phase  there  occur  only 
the  changes  leading  to  an  increased  chance  of  mutation  during  subse¬ 
quent  growth,  because  the  h*  mutants  in  the  system  used  must  be  per¬ 
fected  not  only  genotypically,  but  phenotypically  as  well,  before  growth 
can  occur. 

The  only  remaining  working  hypothesis  seems  to  be  that  genotypic 
changes  oCcur  during  the  stationary  phase. 

Whether  there  is  any  turnover  of  cells  with  cryptic  growth  resulting  in 
the  replacement  of  lysed  cells  is  a  question  which  needs  examination 
next.  It  was  possible  that,  during  the  slow  growth  of  replacement,  muta¬ 
tions  occurred  at  the  rate  normal  for  growth.  First,  in  systems  in  which 
the  h~  bacteria  consisted  half  of  forms  able  and  half  of  forms  unable  to 
use  the  sugar  lactose,  the  proportion  did  not  change.  It  would  have  been 
expected  to  change  in  the  presence  of  that  sugar  because  of  the  selective 
advantage  conferred  upon  the  lactose-utilizing  form  if  histidine  had  been 
released  by  a  hypothetical  lysis.  The  magnitude  of  the  selective  ad¬ 
vantage  was  estimated  and  found  too  large  to  account  for  the  stability  of 
the  ratio  if  turnover  were  occurring.  Second,  even  in  the  presence  of 
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lactose  the  glucose-grown  bacteria  potentially  able  to  adapt  did  not  en¬ 
gage  in  the  induced  synthesis  of  /S-galactosidase  as  would  be  expected 
had  they  undergone,  on  the  average,  even  one  cell  division.  Furthermore, 
in  the  presence  of  penicillin  the  stationary  phase  cultures  did  not  die 
any  more  rapidly  than  in  its  absence  until  amounts  of  histidine  were 
added  equal  to  those  hypothesized  as  being  released  during  turnover. 
Finally,  it  was  possible  to  show  that  even  in  the  presence  of  penicillin, 
where  growing  cells  could  not  survive,  mutations  occurred  at  a  nor¬ 
mal  rate. 

It  was  concluded,  consequently,  that  genotypic  changes  could  occur  in 
nondividing  bacteria. 

The  rate  at  which  mutations  occurred  was  a  direct  function  of  the  in¬ 
tensity  of  metabolism.  In  the  absence  of  the  metabolism  of  an  exogenous 
carbon  source,  mutations  could  not  be  detected  when  a  utilizable  sugar 
was  added  later;  when  there  was  present  a  carbon  source  to  which  the 
bacteria  were  poorly  adapted,  they  mutated  at  a  low  rate;  a  readily 
metabolizable  carbon  source  caused  an  even  higher  rate  of  mutation. 
During  growth,  mutations  occurred  most  rapidly.  Studies  with  stored 
spores  of  Streptomyces  (Wainwright,  1956)  indicated  a  similar  involvement 
of  cell  metabolism  in  mutation.  The  temperature  coefficient  of  mutation 
in  the  stationary  phase  was  indistinguishable  from  that  of  death;  during 
growth  the  mutation  rate  had  the  same  temperature  coefficient,  which  was 
also  equal  to  that  of  growth  itself  (Ryan  and  Kiritani,  1957).  This  bacterial 
system  offers  the  possibility  of  a  more  exact  examination  of  these  re¬ 
lationships  because  the  effects  of  environmental  variables  on  mutation 
can  be  separated  fro.m  those  on  growth. 

It  is  still  possible  that  nondividing  bacteria  engage  in  a  synthesis  of 
protein,  RNA  or  DNA.  It  is  observed  that  the  number  of  nuclei  remain 
the  same,  but  the  cells  enlarge  somewhat  in  the  stationary  phase.  Pre¬ 
liminary  experiments  indicate  that  restrictions  on  protein  synthesis  by 
chloramphenicol,  and  of  DNA  synthesis  by  the  starvation  of  histidine- 
adenine-requiring  bacteria  for  adenine,  do  not  modify  the  mutation  rate. 
At  the  present  time  it  seems  that  the  problem  has  been  brought  to  the 
level  of  chemical  investigation,  but  only  future  work  will  tell  whether 
mutations  require  the  replication  of  genetic  material  for  their  completion. 
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SECTION  OF  MATHEMATICS  AND  ENGINEERING 
SOME  TRANSITION  FORMS  BETWEEN  RAPID  AND  TRANQUIL  FLOW* 
By  N.  V.  Feodoroff 

Department  of  Civil  Engineering,  Manhattan  College,  New  York,  N.  Y. 

and 

B.  A.  Bakhmeteff** 
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The  distinction  between  tranquil  and  rapid  motion  is  traditionally  as¬ 
sociated  with  open  channel  flow.  Customarily  this  transition  is  visualized 
in  the  form  of  a  hydraulic  jump  (open-surface  jump),  otherwise  known  as 
a  direct  jump.  ^ 

The  series  of  experinrents  described  in  this  article,  carried  out  with  i 
the  narrow  rectangular  horizontal  opening  in  a  vertical  wall  of  a  channel,  | 
disclosed  some  of  the  forms  of  the  outflowing  veins  of  such  nature  that  ! 
the  complementary  phenomenological  types  must  be  added  to  the  ac¬ 
cepted  basic  transition  forms.  This  set  of  experiments  embraced  the 
study  of  the  outflowing  vein  and  of  the  tailwater  in  general;  therefore,  it 
was  necessary  to  leave  the  channel  below  the  opening  (slit)  unobstructed. 

To  eliminate  possible  separation  at  the  entrance,  the  upstream  edges  of  | 
the  openings  were  rounded  (figure  1). 

No  observations  were  made  until  flow  conditions  were  stabilized.  A  - 
complete  balance  between  inflow  and  outflow  from  the  reservoir  was  i 
established  before  each  run  or  set  of  observations.  } 

Figure  2  shows  the  outflowing  vein  unaffected  by  tailwater.  This  | 
outflowing  pattern  (flow  slit  pattern)  is  similar  to  the  unventilated  sheet 
(nappe)  over  a  weir  (fig  ure  3).  | 

As  the  tailgate  is  raised,  the  tailwater  moves  upstream  until,  at  a  cei-  | 
tain  stage,  the  outflowing  vein  is  “drowned.”  “Drowned”  forms  of  the  I 
outflowing  vein  are  shown  in  figures  4  and  5.  These  forms  are  func-  | 
tions  of  q  (discharge),  cf,  (height  of  opening),  and  t  (tailwater  level). 

This  condition  could  be  obtained  either  by  raising  the  tailwater  or  by 
increasing  the  length  of  the  channel.  The  dominating  forces  are  frictional. 

As  the  tailwater  is  raised  farther,  the  outflowing  vein  becomes  undulated 
and  finally  “submerged.”  In  this  “submerged”  state  the  surface  of  the 
outflowing  vein  has  a  low  kinetic  energy.  This  process  manifests  itself  1 
in  a  “tranquil”  form  of  motion  similar  to  the  tranquil  flow  of  open  ’ 
channels.  [ 

I 

*Thls  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section  -| 
on  March  IS.  1957.  I 

The  experiment  work  described  in  this  article  was  performed  at  the  Fluid  Mechanics  | 
Laboratory,  Columbia  University,  New  York,  N.Y.  I 
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FIGURE  2.  A  free  outflow  pattern  unaffected  by  tailwater. 


As  stated  above,  the  outflowing  vein  resembles  a  weir  nappe  in  which 
the  shaping  flow  parameters,  including  discharge,  depend  upon  whether 
or  not  the  under  nappe  (space)  is  ventilated.  Therefore,  applying  the 
traditional  terms  of  hydraulics,  the  q  (flow  of  volume  per  unit  width)  for 
a  ventilated  nappe  would  be 

q  =  (1) 

where  0  <  1  and  is  a  velocity  coefficient  and  q  is  discharge  in  c  f/s  per 
unit  width. 

For  unventilated  conditions,  the  discharge  q  and  under  nappe  pressure 
are  interdependent;  however,  both  quantities  are  also  affected  by  the 
geometric  framework.  Accordingly,  if  an  over-all  relation  is  sought,  it  is 
in  the  form  * 


3/2 


(2) 


where  is  the  opening  of  a  slit  and  H  the  head  referred  to  the  center  of 
the  slit. 

The  rather  complex  effect  of  the  shaping  parameters  would  be  repre¬ 
sented  in  the  discharge  factor  Cg ,  which  may  depend  on 

®  \H’H  h„+H’J 


(3) 


where  the  parameters 


account  for  velocity  of  approach  (for  an  ex- 


h„+  H 

planation  of  these  terms  see  figure  6). 

In  terms  of  dimensionless  parameters,  q,  the  discharge,  could  be  re¬ 
lated  to  the  slit  opening  by  a  parameter 

A.  =  g  V  ^  £//  (4) 


similar  in  structure  to  the  Froude  number,  which  characterizes  the  motion 
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through  a  ground  sluice  except  that,  in  the  case  of  flow  through  a  rounded 
slit,  there  is  no  contraction.^-^  Therefore,  A,  expresses  directly  the  kinet- 
icity  of  the  outflowing  vein.  In  other  words,  the  kineticity  A,  is  a  measure 
of  the  ratio  of  kinetic  specific  energy  to  potential  specific  energy.  This 
2  EK 

is  usually  represented  by  - ,  which  is  the  Froude  number  because 

2 

Ek  is^  OT  q  /2i  </,  and  Ep  is  depth  of  water  d.  2  Ek/Ep  =  gV  i  d,^ , 
2g 

but  q  =  dv  and  v  =  q/d.  Therefore,  A,  =  v^/g  d,  which  is  the  Froude 
number  (F  ^  / g  d).* 

Now,  combining  equations  2  and  4  we  have 


With  negligible  velocity  of  approach,  ventilated  nappes,  and  narrow 
slits,  Cg  will  be  close  to  unity.  Under  other  conditions,  may  vary 
considerably.  Some  values  of  C,  for  free  flow  are  given  in  table  1. 

These  experiments  were  intended  to  disclose  the  transition  forms  of 
the  outflowing  live  vein  between  rapid  and  tranquil  motion  only  and, 
therefore,  no  attempt  was  made  to  find  the  interdependence  among  the 
flow-shaping  factors. 

If  one  considers  a  slit  as  an  hydraulic  structure  intermediate  between 
a  ground  sluice  and  a  spillway  free  overfall,  then,  in  general,  the  transi¬ 
tion  forms  for  slits  would  follow  the  outflow  patterns  discussed  in  the 
above  cases  and  thus  supplement  the  generalization  postulated  above. 

The  experiments  justified  expectations.  However,  as  a  live  vein  was 
unfolding  in  the  course  of  rapid  motion  and  transforming  into  tranquil 
tailwater,  some  features  appeared  of  such  unexpected  nature  that  it  was 
necessary  to  add  novel  phenomenological  types  to  the  already  accepted 
basic  transition  forms. 
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FIGURE  4.  The  "drowned”  vein.  A  live  outflowing  vein  is  covered  by  pul¬ 
sating  roller. 

Description  oi  the  Experiments 

The  rectangular  horizontal  slit  extending  over  the  width  of  the  6  in. 
flume  was  6  in.  thick  and  had  a  rounded  2-in.  radius  mouthpiece.  This 
slit  was  made  by  fastening  hardwood  blocks  to  steel  plates  set  in  the 
grooves  of  the  channel  walls.  The  lower  surface  of  each  slit  was  4  3/16 
in.  above  the  channel  floor.  Figures  7  to  11  show  a  general  setup  and 
surface  profiles  of  the  outflowing  live  veins. 

The  experimental  basic  information  for  Curve  No.  1  is  shown  in 
FIGURES  7  to  11  (table  2). 

The  free  surface  profile  in  figures  7  to  11  was  designated  as  Curve 
No.  1;  the  discharge  was  maintained  constant;  the  initial  head  H  re¬ 
ferred  to  free  flow,  unhindered  by  tailwater. 

When  the  tailwater  was  raised,  the  downstream  profile  as  well  as  the 
upstream  head  was  carefully  recorded. 

Much  of  the  data  compiled  in  the  laboratory  has  been  omitted  in  the 


Figure  5.  The  "drowned”  weir  vein.  The  pulsating  roller  is  also  "drowned. 
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FIGURE  6 

interest  of  clarity  and  simplicity.  Only  the  most  typical  outflow  patterns 
are  presented. 

The  flow  forms.  In  general,  the  nappe  in  all  cases  (figures  7  to  11) 
is  unventilated.  Curve  No.  1  usually  referred  to  conditions  of  free  out¬ 
flow.  The  depth  y  in  contracted  section  of  the  free  outflowing  vein  es¬ 
tablished  itself  in  accordance  with  the  energy  relation 


y  +  g/, .  2 

2gy 


where  rj  is  an  over-all  efficiency  factor  (accounting  for  resistance  losses) 
and  is  the  head  corrected  for  velocity  approach. 

Whenever  the  tailwater  is  raised  just  enough  to  form  a  repelled  direct 
jump,  the  free  efflux  ceases  and  the  tailwater  moves  upstream,  over¬ 
powering  and  drowning  the  free  vein,  which  is  then  covered  by  the 
familiar  roller.  However,  in  figure  9,  where  the  outflowing  vein  has  a 
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Table  1 


Figure 

.  Values  of 

7 

1.  0 

8 

1.  0 

9 

0.  99 

10 

0.  92 

11 

0.  88 

low  initial  kineticity,  the  acceleration  caused  by  the  dropping  of  the 
nappe  to  the  floor  raises  the  kineticity  of  the  vein  enough  to  produce  a 
transition  to  “plunging”  type  of  vein.  An  interesting  feature  appeared 
from  the  slit  overflow  —  the  lifting  of  the  nappe  (layer)  effected  by  the 
rising  tailwater.  It  seems  that  here  the  change  of  under  nappe  pressure 
is  more  pronounced  than  in  the  free  overfall,  with  the  result  that  the  out¬ 
flowing  vein  is  much  more  sensitive  to  “drowning.”  In  fact,  this  is  a 
borderline  case  where  the  tailwater  begins  to  affect  the  discharge  just 
as  soon  as  the  drowning  stage  begins. 

In  all  cases  except  that  shown  in  figure  9,  Curve  No.  2  exemplifies 
the  conditions  under  which  the  tailwater  Just  starts  to  affect  the  initial 
Hg,  which  becomes  the  submerged  head.  The  kinetic  energy  of  the  out¬ 
flowing  vein  is  still  high,  to  give  the  outflowing  pattern  the  “plunging” 
discontinuous  roller-covered  features.  In  this  outflowing  pattern  the  live 
vein  changes  from  a  rapid  to  a  trhnquil  state  by  way  of  a  single  diverging 
reach  under  the  cover  of  a  roller.  Its  main  characteristic  is  the  brusque 
and  discontinuous  pattern  in  which  the  streaming  “plunges”  under  the 
roller.  This  type  of  pattern  flow  is  well  known  to  a  practical  engineer 
as  a  direct  jump  —  an  energy  dissipator.  However,  in  figure  9,  where 
the  kineticity  of  the  outflowing  vein  is  low  (A  =  1.9)  the  surface  Curve 
No.  2  is  undulating.  There  is  one  long  stretched-out  undulation  that  con¬ 
nects  the  outflowing  vein  with  the  tailwater. 

The  surface  profiles  of  the  undulatory  transition  form  are  shown  in 
Curve  No.  3.  In  the  undular  flow  pattern,  the  initial  rapid  vein  expands 
into  its  ultimate  tranquil  form  by  way  of  consecutive  expansions  and 
contractions  (figure  12)  that  embrace  the  whole  of  the  live  streaming 
and  manifest  themselves  on  the  surface  by  a  sequence  of  stationary 
waves.  The  whole  outflowing  pattern  is  characterized  by  the  absence  of 
the  surface  roller  and  also  by  the  absence  of  a  break  (for  comparison, 
see  direct  jump  outflowing  pattern,  figure  4).  The  undulated  vein  is 
a  continuous  pattern  between  the  section  connecting  the  surface  of  the 
initial  rapid  streaming  with  the  tranquil  tailwater  level.  However,  due  to 
the  difference  in  initial  kineticity  (kinetic  energy)  of  the  outflowing 
veins,  each  case  of  undulatory  transition  is  somewhat  different.  For 
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example,  in  figure  7,  Curve  No.  2  (plunging  type)  is  closely  followed 
by  the  successive  undulatory  transition  form  of  Curve  No.  3.  However, 
in  FIGURE  8,  Curve  No.  3,  the  surface  profile  is  lifted  almost  to  a 
horizontal  position.  The  undulation  unfurls  at  a  certain  distance  from  the 
slit  wall.  This  type  of  undulation  form  can  be  easily  characterized  as  a 
“repelled  undular  jump”  (figure  13). 

The  ground  roller  serving  as  a  separation  surface  had  the  same  effect 
as  a  flume  bottom.  The  mechanism  of  the  outflowing  vein  is  comparable 
to  a  jump  finding  its  location  over  an  expanding  live  vein.  Similar 
features  are  disclosed  by  Curve  No.  3  (figures  9  and  10)  with  low 
initial  kineticity.  However,  in  the  case  of  high  kineticity  Curve  No.  3, 
in  FIGURE  11  (A  =  16)  no  undular  transition  was  observed,  but  this  case 
features  the  profile  of  a  repelled  direct  jump. 

Observation  shows  that  in  figure  11  the  outflowing  vein  “plunges” 
under  the  roller;  at  the  same  time  this  vein  is  lifted.  This  lifting  of  the 
outflowing  vein  with  the  rise  of  tailwater  becomes  more  and  more  pro¬ 
nounced  and  finally  results  in  the  transition  form  that  might  well  be 
called  a  “springing  vein.” 

Curve  No.  4,  in  figure  11  (A  =  16)  shows  how  the  live  vein  swings 
abruptly  upward  and  then  suddenly  plunges  into  and  under  roller  . 
This  mechanism  is  well  shown  in  figures  14  and  15.  The  ground  roller 
Rj  and  roller  /?2  absorb  energy,  and  the  live  vein,  after  diving  under 
roller  Rj  ^ad  reaching  the  bottom  of  the  channel,  expands  into  the 
tranquil  tailwater  pattern. 

Curve  No.  4  (figure  8)  with  A  =  12  also  manifested  clearly  the 
“springing  vein”  pattern  similar  to  Curve  No.  3  of  figure  11,  where 
the  downfall  plunging  features  show  strongly.  However,  when  the  initial 
kineticity  is  comparatively  low,  as  in  the  case  of  Curve  No. 4  in  figure 
8  (A  =  5.8)  and  in  figure  10  (A  =  1.9),  the  downfall  plunging  features 
disappear,  but  the  initial  upswing  of  the  vein  is  present. 

The  transition  form  of  Curve  No.  4  beyond  the  first  upswing  is  undular. 
This  undular  surface  is  continuous  and  free  from  any  superimposed  ir¬ 
regularities,  except  Curve  No.  4  of  figure  10,  where  one  could  see  in 
some  wave  valleys  the  remnants  of  a  roller. 

In  Curve  No.  4  of  figures  9  and  10,  the  surface  of  the  “springing 
vein”  is  free,  whereas  in  figures  7  and  9,  with  lower  initial  kineticity, 
the  initial  upswing  is  made  under  the  cover  of  a  roller,  whence  the  out¬ 
flowing  vein  flows  in  continuous  fashion. 

The  “springing  vein”  observed  during  the  slit  experiments  (Curve 
No.  4  of  the  above-mentioned  figures),  dived  into  and  under  roller  Rj  3"^ 
later  expanded  into  tailwater  tranquil  flow,  showing  distinctly  “plung¬ 
ing”  characteristics.  The  initial  upward  leap  is  specific  and  original  in 
character. 

The  important  conclusion  to  be  drawn  from  the  observation  of  the 


Figure  7.  Curve  No.  1,  free  flow;  Curve  No.  2,  “repelled  jump”  —  direct 
type;  Curve  No.  3,  undular  jump;  Curve  No.  4,  the  initial  upswing  of  the  vein 
due  to  the  effect  of  the  under  nappe  pressure.  Curve  No.  4  shows  that  the  up- 


FIGURE  8.  Curve  No.  2  shows  more  emphatically  the  “repelled  jump”  that 
gives  the  outflowing  vein  the  plunging,  discontinuous,  roller-covered  features. 
Curve  No.  3,  “repelled  undular  jump,”  shows  that  undulation  begins  at  a  certain 


distance  from  the  slit  wall,  the  interim  surface  being  distinctly  flat.  Curve  No. 
4  shows  the  springing  vein  (the  outflowing  vein  swings  brusquely  upward, 
abruptly  plunging  on  the  downward  side  into  and  under  the  roller). 


Figure  9.  Surface  profiles  are  of  very  low  kineticity.  Curve  No.  2  is  un- 
dulatory  (undulation  is  of  long  stretch).  Curve  No.  4:  no  downfall  plunging 


Oistonec  tn  feet 

Figure  10.  This  is  the  flow  of  the  outflowing  vein  of  low  initial  kineticity. 
Curve  No.  1  shows  the  “free  outflowing  vein”.  Curve  No.  2  demonstrates  the 
condition  where  the  tailwater  just  starts  to  affect  the  initial  head.  The  head  be- 
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Figure  11.  Series  of  flow  with  high  initial  kineticity.  Curve  No.  2:  the  sur¬ 
face  vein  is  of  plunging,  discontinuous,  roller-covered  features.  Curve  No.  3: 


Table  2 
FREE  Outflow* 


Designation 
of  figures 

sat  openings 

Initial  H 
in  free 
outflow 

Observed  unit 
width  discharge 

Kineticity 

A 

7 

0.170  ft. 

0.33  ft. 

0,748  cfs./ft. 

5.8 

8 

0.170  ft. 

0.897  ft. 

1.243  cfs./ft. 

12.0 

9 

0,342  ft. 

0.425  ft. 

1.575  cfs./ft.  . 

1.9 

10 

0.342  ft. 

0.678  ft. 

2.09  cfs./ft. 

3.35 

11 

0. 104  ft. 

0.791  ft. 

0.651  cfs./ft. 

16. 

“upswing”  form  in  the  slit  outflow  is  that  the  “springing  vein”  may 
serve  as  a  great  dissipator  of  energy.  Up  to  the  present,  the  familiar 
type  of  energy  dissipation  was  the  well-known  phenomenon  of  the  direct 
hydraulic  jump.  The  mechanism  of  the  energy  dissipation  is  now  under¬ 
stood.  It  is  the  energy-absorbing  action  of  the  eddies  concentrated  in 
the  separation  (discontinuity)  zone  between  the  live  vein  and  the  cover¬ 
ing  roller.’ 

In  fact,  the  energy  dissipation  is  more  or  less  proportional  to  the 
spread  of  the  separation  surfaces.  The  “upswing”  vein  provides  greater 
energy  dissipation  because  of  the  large  zone  of  discontinuity  on  both 


the  profile  is  of  a  “repelled"  direct  jump.  Curve  No.  4:  the  “springing  vein." 
The  ground  roller  and  the  surface  roller  R2  serve  as  energy  dissipators. 


figure  13.  Another  form  of  undulated  pattern  of  flow  (“repelled  undular 
jump"). 


FIGURE  14.  Springing  vein  (the  dye  shows  the  under  roller  —  the  ground 
roller  —  and  the  cover  roller).  The  internal  mechanistn  of  the  upswing  vein  is 
well  shown. 


sides  of  the  live  vein;  roller  is  under  the  vein  and  roller  is  on  the 
upper  surface  of  the  vein.  It  is  again  interesting  to  notice  that  the  reach 
where  the  energy-absorbing  process  takes  place  is  a  relatively  short 
distance  from  the  wall.  At  the  end  of  roller  the  transition  zone  ends 
and  the  tranquil  tailwater  flow  is  established.  This  means  that  raising 
the  tailwater  has  shortened  the  axial  length  of  transition  reach  that  is 
the  reverse  of  conditions  found  in  the  ground  sluice. 

It  should  be  pointed  out  that  the  flow  patterns  described  above  and 
presented  in  the  surface  profiles  occur  in  many  hydraulic  structures  such 
as  gates,  outlets  in  dams,  culverts,  and  syphons.  These  flow  patterns 
are  established  in  the  transition  of  hydraulic  structures  whenever  the 
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flow  is  greatly  accelerated  and  a  transition  zone  is  required  to  reduce  the 
high-velocity  vein  to  low-velocity  tranquil  flow. 

To  have  some  means  of  evaluating  the  “state  of  flow"  in  terms  of  the 
velocity  of  the  vein,  the  kineticity  parameter  A,  which  is  a  familiar 
criterion  of  specific  energy  relations  in  the  hydraulics  of  open  channels, 
can  be  used.  Application  of  this  criterion  to  slits  is  made  possible  by  a 
study  of  broad-crested  weirs  and  slits.  This  study  concludes  that  for 
the  “plunging"  transition  form  the  kineticity  A  may  be  between  3  and  4 
and,  for  the  undular  transition  form  A,  between  1  and  3;  A  of  1  or  less 
than  1  will  manifest  itself  in  tranquil  flow. 
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SECTION  OE  PSYCHOLOGY 

CONDITIONED  REINFORCING  AND  AVERSIVE  STIMULI 
IN  AN  AVOIDANCE  SITUATION* 

By  Murray  Sidman 

Walter  Reed  Army  Institute  of  Research, 

Walter  Reed  Army  Medical  Center, 

Washington,  D,  C. 

In  the  traditional  avoidance  experiment,  a  response  terminates  the 
warning  stimulus  and  postpones  the  shock.  This  avoidance  response 
develops  a  high  probability  of  occurrence  during  the  stimulus  and  a  low 
probability  in  its  absence.  Diametrically  opposite  results  have  been  ob¬ 
tained  by  means  of  an  avoidance  procedure  somewhat  different  from  the 
classic  one.  The  temporal  sequences  involved  in  the  modified  procedure 
are  schematized  in  figure  1.  If  the  animal  (albino  rat)  waits  10  sec. 
without  emitting  an  avoidance  response  (lever-depression),  a  stimulus 
light  (L)  comes  on.  If  there  is  no  response  in  the  next  5  sec.,  a  brief 
shock  is  administered  and  the  stimulus  terminates.  Every  time  a  lever¬ 
pressing  response  is  emitted  in  the  absence  of  the  stimulus,  the  stimulus 
onset  is  postponed  for  10  sei  The  interval  by  which  each  response 
delays  the  stimulus  is  termed  the  response-light  (RL)  interval.  This  will 
subsequently  be  referred  to  as,  for  example,  (RLIO”)  ,  to  indicate  that 
each  response  in  the  absence  of  the  light  postpones  the  light  for  10  sec. 
The  superscript,  D,  indicates  the  absence  of  the  stimulus  light. 

When  the  animal  permits  the  light  to  come  on,  a  different  schedule  goes 
into  effect.  If  there  is  no  response  in  the  presence  of  the  light,  a  shock 
occurs  within  5  sec.  and  the  light  terminates,  reinstating  (RL10”)°- 
Each  response  in  the  light,  however,  postpones  the  shock  for  5  sec.,  de¬ 
fining  the  response- shock  (RS)  interval.  The  light  remains  until  the 
animal  permits  a  shock  to  occur.  Thus,  in  the  presence  of  the  light  we 
have  an  RS  interval  of  5  sec.,  which  may  be  denoted  as  (RSS")^. 

The  total  procedure  is  represented  symbolically  as  (RL10”)°-KRS5”)^, 
S-*(RL10”)'^.  • .  This  may  be  read  as  follows:  “In  the  absence  of  the 
light,  the  response-light  interval  is  10  seconds.  If  the  animal  permits  the 
RL  interval  to  elapse,  this  produces  the  light,  in  the  presence  of  which  a 
response-shock  interval  of  5  seconds  is  in  force.  A  shock  terminates  the 
light  and  reinstates  the  10-second  response-light  interval." 

It  has  been  shown,  with  certain  combinations  of  RL  and  RS  intervals, 
that  a  low  response  rate  develops  in  the  presence  of  the  warning  stimu¬ 
lus,  and  that  a  relatively  high  rate  is  maintained  in  its  absence.^  The 
low  rate  of  avoidance  responding  in  the  presence  of  the  warning  stimulus 
was  attributed  to  the  reinforcement  of  other  behavior  by  termination  of 

*This  paper,  illuatrated  with  lantern  alides,  was  presented  at  a  meeting  of  the  Section 
on  March  18,  1957. 
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FIGURE  !•  Diagrammatic  representation  of  the  experimental  procedure. 

the  stimulus,  even  though  such  termination  was  necessarily  accompanied 
by  a  shock.  Stimulus  termination  could  be  accomplished  only  by  failure 
to  press  the  lever.  This  interpretation  was  consistent  with  the  observed 
increase  in  lever>pressing  rate  during  the  light  when  stimulus  termination 
was  made  independent  of  the  animals’  behavior. 

There  now  arises  the  problem  of  identifying  the  factors  that  make  the 
warning  stimulus  so  aversive  that  the  animal  “is  willing  to  take  the 
shock  in  order  to  escape  from  the  stimulus.”  Is  the  explanation  simply 
that  the  light  is  always  paired  with  the  shock,  while  a  shock  never  oc¬ 
curs  in  the  absence  of  the  light?  Following  up  some  preliminary  evidence 
that  suggested  another  explanation,'  we  investigated  a  variety  of  com¬ 
binations  of  RL  and  RS  interval  durations. 

The  animals  were  run,  in  6-to-8  hr.  sessions,  for  approximately  100  hr. 
at  each  combination  of  RL  and  RS  intervals.  The  response  rates  pre¬ 
sented  below  are  the  median  values  over  the  final  four  sessions  on  any 
given  program  of  intervals. 

Rat  AC-53  was  exposed  to  two  sets  of  RL  and  RS  intervals.  The  RL 
interval  was  constant  at  20  sec.,  but  two  values  of  RS  were  employed, 
10  and  40  sec.  When  the  intervals  are  (RL20”)°  and  (RSIO”/" ,  the  rate 
in  the  stimulus  is  lower  than  in  its  absence  (figure  2).  However,  when 
the  intervals  are  (RL20”)P  and  (RS40”)'',  the  rates  reverse  their  posi¬ 
tions.  The  animal  now  responds  more  rapidly  in  the  light  than  in  its  ab¬ 
sence. 

Sid  man  and  Boren  ^  have  suggested  that  the  stimuli  in  the  avoidance 
situation  control  different  sets  of  avoidance  contingencies.  Applying  this 
suggestion  to  the  present  experiment,  the  light  may  be  considered  to 
initiate  a  time  interval  (LS  interval)  at  the  end  of  which  a  shock  occurs 
if  there  has  been  no  lever- pres  sing  response.  The  LS  interval  is  com¬ 
parable  in  this  respect  to  the  shock-shock  (SS)  interval  employed  in  pre¬ 
vious  experiments.®  If  a  response  does  occur  in  the  stimulus,  the  shock 
is  postponed  and  an  RS  interval,  equal  to  the  LS  interval,  can  be  speci¬ 
fied.  A  similar  analysis,  in  terms  of  response-light  (RL)  and  shock-light 
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(SL)  intervals,  may  be  made  of  the  contingencies  in  the  absence  of  the 
light. 

If  this  description  is  relevant,  we  should  observe  an  inverse  relation 
between  response  rate  and  RS  interval,  as  was  previously  observed  when 
SS  and  RS  intervals  were  held  equal. ^  The  increasing  function  actually 
obtained  in  the  present  experiment  may  be  accounted  for  by  considering 
not  only  the  relation  between  lever-pressing  and  shock,  but  also  the  re¬ 
lation  of  the  response  to  the  stimulus  condition  (absence  of  light)  cor¬ 
related  with  the  RL  interval.  When  the  RS  interval  is  long  relative  to  the 
RL  interval,  the  lever-pressing  response,  which  avoids  both  the  shock 
and  the  relatively  small  RL  interval,  is  prepotent  over  other  behavior. 
However,  when  RS  is  short  relative  to  RL,  the  lever-pressing  response, 
though  it  still  serves  to  postpone  the  shock,  prevents  a  return  to  the 
longer  RL  interval.  The  lever-pressing  rate  declines  as  other  behavior  is 
reinforced  by  the  change  in  stimulus  conditions. 

In  the  absence  of  the  light  the  rate  of  responding  decreases  with  the 
increasing  RS  interval,  even  though  the  RL  interval  remains  constant 
at  20  sec.  Again,  as  the  RS  interval  in  the  light  becomes  relatively  more 
favorable,  lever-pressing  responses  that  serve  to  postpone  the  light  de¬ 
cline  in  frequency. 

Rat  AA-1  yielded  data  consistent  with  AC-53  and  provided  additional 
confirmation  of  our  analysis.  The  RL  interval  was  maintained  at  20  sec., 
while  three  values  of  the  RS  interval  were  employed,  10,  20,  and  30  sec. 
Comparing  the  two  curves  of  figure  3,  we  note  that  at  relatively  low 


10  20  30  40 

R-S  INTERVAL  (sec.) IN  STIMULUS(L) 

FIGURE  2.  Rate  of  avoidance  responding  in  the  light  (L)  and  in  the  absence 
of  the  light  (D)  for  rat  AC-S3  as  a  function  of  the  RS  interval.  The  RL  interval 
is  constant  at  20  sec. 
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10  15  20  25  30 

R-S  INTERVAL(sec.)IN  STIMULUS  (L) 

FIGURE  3.  Rate  of  avoidance  responding  in  the  light  (L)  and  in  the  absence 
of  the  light  (D)  for  rat  AA*1  as  a  function  of  the  RS  interval.  The  RL  interval  is 
constant  at  20  sec. 

values  of  (RS)^.  the  rate  in  the  absence  of  the  light  is  greater.  At  longer 
RS  intervals  the  rate  in  the  presence  of  the  light  is  higher.  The  maximum 
in  the  “L”  curve  has  a  reasonable  explanation,  and  would  probably  also 
have  been  observed  if  intermediate  points  had  been  determined  in  the 
cuives  of  FIGURE  2.  From  small  to  intermediate  RS  values,  the  lever¬ 
pressing  rate  in  the  light  may  be  presumed  to  be  governed  chiefly  by  the 
positive  reinforcing  effect  of  the  change  in  stimulus  conditions.  However, 
as  the  two  intervals  approach  equality,  the  change  from  stimulus  **L” 
to  stimulus  “D”  becomes  less  reinforcing  and  the  rate  in  “L”  becomes 
higher.  At  longer  RS  intervals,  termination  of  the  light  is  no  longer  re¬ 
inforcing,  and  the  lever-pressing  rate  in  the  light  is  governed  mainly  by 
aversive  contingencies.  The  declining  rate  during  the  stimulus  in  this 
region  of  the  curve  reflects  the  declining  rate-vs.-RS  interval  function 
that  has  been  found  previously  for  nondiscriminated  avoidance.^ 

Figure  4  presents  cumulative  records  taken  at  each  of  the  conditions 
represented  in  figure  3.  One  recorder  operated  only  in  the  absence  of 
the  light  (RL20")»  another  recorded  only  those  responses  emitted 
in  the  presence  of  the  light  (RSIO”,  RS20”,  and  RS30’').  These  curves 
also  bring  out  the  large  differences  in  the  amount  of  time  spent  by  the 
animal  in  the  presence  and  absence  of  the  light  under  each  of  the 
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schedule  combinations.  They  suggest  a  marked  “preference”  for  the 
longer  of  the  two  temporal  contingencies. 

Rat  AA-1  was  also  run  through  a  set  of  schedules  in  which  the  RS 
interval  was  held  constant  and  the  RL  interval  varied.  Three  different 
RL  intervals  were  employed,  10,  15,  and  20  sec.,  with  the  RS  interval 
fixed  at  10  sec.  This  provides  another  check  on  the  explanatory  notion 
that  the  difference  between  RS  and  RL  intervals  is  responsible  for  the 
behavioral  changes  observed  in  the  presence  and  absence  of  the  light. 
As  the  RL  interval  increases  beyond  10  sec.,  the  rate  of  lever-pressing 
during  the  light  declines  (figure  5)  in  spite  of  the  fact  that  the  re¬ 
sponse-shock  contingency  in  the  light  remains  constant.  This  suggests 
that  the  light,  with  its  associated  RS  interval  of  10  sec.,  becomes  less 
preferable  than  the  absence  of  the  light  as  the  RL  interval  becomes 
longer.  As  the  RL  interval  increases,  the  rate  in  the  dark  also  increases, 
indicating  again  that  the  absence  of  the  light  becomes  relatively  more 
reinforcing  than  its  presence. 

Keeping  the  response-light  interval  constant  and  manipulating  the  re¬ 
sponse-shock  interval,  we  have  been  able  to  alter  the  lever-pressing 
behavior  both  in  the  presence  and  absence  of  the  light.  Similar  changes 
occurred  when  we  kept  the  response-shock  interval  constant  and  manipu¬ 
lated  the  response-light  interval.  Strong  support  was  provided  for  the 
thesis  that  the  difference  between  RS  and  RL  intervals  contributes  to 


Figure  4.  Cumulative  records  for  rat  AA-1,  illustrating  the  patterns  of 
avoidance  responding  during  three  combinations  of  RS  and  RL  intervals.  Two 
recorders  were  employed;  one  of  these  operated  only  in  the  absence  of  the 
light  (RL  curves)  and  the  other  operated  only  in  the  presence  of  the  light  (RS 
curves). 
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R-L  INTERVAL  (sec.) 

FIGURE  5.  Rate  of  avoidance  responding  in  the  light  (L)  and  in  the  absence 
of  the  light  (D)  for  rat  AA-1  as  a  function  of  the  RL  interval.  The  RS  interval  is 
constant  at  10  sec. 

the  relative  reinforcing  efficacy  of  the  stimuli  associated  with  each. 
With  increasing  RS  interval  durations,  relative  to  RL,  lever-pressing 
behavior  is  emitted  at  rates  that  serve  to  keep  the  light  present  most 
of  the  time.  In  the  absence  of  the  stimulus  the  rate  declines,  permitting 
an  early  reappearance  of  the  light  with  its  associated  RS  interval.  When 
the  RS  interval  decreases,  relative  to  the  RL  interval,  the  absence  of  the 
light  becomes  more  reinforcing.  During  the  light,  the  lever-pressing  rate 
decreases  to  a  value  that  permits  quick  termination  of  the  light  and  a 
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return  to  the  RL  contingency.  This  occurs  in  spite  of  the  fact  that  the  | 
animal  must  take  a  shock  before  the  light  will  terminate.  When  the  RL 
interval  is  more  favorable,  the  rate  in  the  absence  of  the  light  increases 
to  the  point  where  a  relatively  small  proportion  of  the  total  experimental 
session  is  spent  in  the  presence  of  the  light. 

The  effects  demonstrated  were  strong  enough  to  reverse  the  slope  of 
previously  obtained  functions  relating  the  rate  of  avoidance  responding,  I 
when  RS  and  SS  intervals  are  held  equal,  to  the  response-shock  interval.  | 
When  the  avoidance  response  functions  solely  to  postpone  the  shock, 
the  rate  bears  an  inverse  relation  to  the  response-shock  interval.^  How¬ 
ever,  when  the  response  postpones  not  only  the  shock,  but  also  the  re¬ 
turn  to  a  more  favorable  avoidance  schedule,  the  response  rate  actually 
increases  with  an  increasing  RS  interval,  up  to  the  point  where  stimulus 
termination  no  longer  is  correlated  with  a  return  to  a  more  favorable  con¬ 
tingency.  The  animals  behave  in  such  a  way  as  to  maintain  the  more 
favorable  of  the  two  avoidance  contingencies  and  to  minimize  the  dura¬ 
tion  of  the  less  favorable  contingency. 

The  procedure  we  have  employed  may  be  considered  analogous  to  the 
chained  schedule  technique  of  Ferster  and  Skinner.^  On  the  first  member  | 
of  the  chain,  responses  are  reinforced  or  punished,  as  the  case  may  be,  f 
by  the  appearance  of  the  light  and  its  accompanying  response-shock  | 
interval.  The  light  is  a  conditioned  reinforcer.  On  the  second  member 
of  the  chain,  behavior  is  controlled  by  the  shock,  and  by  the  conditioned 
reinforcement,  or  punishment,  involved  in  a  return  to  the  stimulus  con-  f 
dition  correlated  with  the  response-light  interval.  If  our  analysis  of  the  I 
data  has  been  correct,  it  should  be  possible  to  demonstrate  similar  ef-  i 
fects  by  means  of  a  procedure  in  which  primary  aversive  reinforcement  is  j 
involved  in  both  members  of  the  chain.  To  accomplish  this,  we  simply 
programmed  two  response-shock  intervals,  alternating  them  and  their  | 
associated  stimuli  after  each  shock.  The  multiple  schedule  aspects  of  | 
this  program  could  show  up  as  a  differential  response  rate  during  the 
two  stimuli,  corresponding  to  the  different  RS  intervals.  The  chaining 
aspects  of  the  program  should  appear  as  a  depressed  rate  of  responding  | 
during  the  shorter  of  the  two  RS  intervals  when  the  difference  between  j 
the  two  is  sufficiently  great.  The  animal  should  “be  willing  to  take  a 
shock  in  order  to  escape  from  the  short  RS  interval  into  the  stimulus  l' 
correlated  with  the  longer  RS  interval.”  S 

The  animals  were  first  run  on  a  program  of  alternating  RSIO”  and  I 
RS25”.  On  the  contingency,  RSIO”,  each  response  postponed  the  brief  | 
shock  for  10  sec.  If  the  animal  permitted  a  shock  to  occur  by  failing  to  i 
respond  within  10  sec.,  the  contingency  changed  to  RS25”,  and  subse-  1 
quent  responses  postponed  the  shock  for  25  sec.  Each  time  the  animal  | 
permitted  a  shock  to  occur  by  waiting  25  sec.  without  a  lever-press,  I 
the  contingency  reverted  to  RSIO”.  Thus,  the  RS  interval  changed  with  I 
each  shock.  Following  100  hr.  on  this  schedule,  the  contingencies  were  I 
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Figure  6.  Rate  of  avoidance  responding  during  each  response-shock  interval 
for  4  rats.  Animals  SD-51  and  GF-84  had  a  different  stimulus  correlated  with 
each  of  the  two  RS  intervals.  Animals  GF-70  and  GF-66  had  no  exteroceptive 
stimulus.  The  durations  of  the  RS  intervals  are  indicated  by  the  numbers  ac¬ 
companying  each  curve.  On  the  "alternating”  procedure,  the  final  5  sessions  at 
each  pair  of  RS  intervals  are  represented.  On  the  "groups  of  four”  procedure,  the 
first  10  sessions  are  depicted. 
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changed  to  alternating  RSIO”  and  RS40”  for  an  additional  100  hr.  Two 
animals,  SD-51  and  GF-70,  were  then  given  100  more  hours  on  a  program 
of  alternating  RSIO”  and  RS60*’. 

Two  animals,  SD-51  and  GF-84,  ran  on  what  may  be  termed  an  “alter¬ 
nating  mu/tip/e  RS  interval”  procedure.  A  flashing  neon  light  was  present 
while  RSIO”  was  in  force,  and  the  absence  of  the  light  indicated  that 
the  current  RS  interval  was  the  longer  one.  The  other  two  animals,  GF-70 
and  GF-66,  had  no  differential  stimulus  correlated  with  the  two  RS  inter¬ 
vals.  These  ran  on  what  may  be  called  an  “alternating  mixed  RS  inter¬ 
val”  procedure.  The  terms  “multiple”  and  “mixed,”  after  Ferster  and 
Skinner,^  indicate  changing  reinforcement  contingencies  with  and  without 
a  correlated  exteroceptive  stimulus,  respectively. 

On  the  alternating  RSIO”  and  RS25”  procedure,  all  animals  displayed 
higher  lever-pressing  rates  during  the  10-sec.  RS  interval  than  during 
the  25-sec.  interval  (figure  6).  This  confirms,  with  the  alternating  ' 
procedure,  the  previously  reported  inverse  relation  between  rate  of 
avoidance  responding  and  response-shock  interval.  ^ 

The  question  arises  as  to  whether  the  rate  difference  is  as  great  as 
should  be  expected  on  the  basis  of  the  RS  intervals  alone.  Does  the 
chaining  factor  also  operate  here  to  depress  the  response  rate  in  RSIO”? 
The  question  was  answered  first  by  increasing  the  duration  of  the  longer 
RS  interval.  If  no  chaining  factors  were  involved,  this  change  should 
result  only  in  a  rate  decrease  during  the  longer  RS  interval,  with  no 
effect  during  RSIO”.  With  three  of  the  four  animals,  however,  the  lever¬ 
pressing  rate  declined  during  both  RS  intervals  after  the  change  from 
RS25”  to  RS40”.  A  further  increase  from  RS40”  to  RS60”  for  two  of  the  i 
animals  continued  the  trend  in  one  case,  and  produced  little  change  in  | 
the  other.  Throughout  this  phase  of  the  experiment,  only  rat  GF-70,  on  { 
the  mixed  procedure,  failed  to  show  a  decline  in  rate  during  RSIO”  when 
the  alternate  RS  interval  was  lengthened.  This  animal,  in  fact,  displayed 
only  a  small  rate  decline  during  the  longer  RS  interval  as  the  latter  was 
increased. 

The  decrease  in  rate  during  RSIO”  suggests  that,  with  a  greater  dif¬ 
ference  between  the  two  RS  intervals,  the  reinforcement  provided  by 
reinstatement  of  the  longer  interval  is  able  to  override  the  punishing  ef¬ 
fect  of  the  shock.  As  a  further  check  on  this  interpretation,  following  the 
last  session  on  the  alternating  RS  interval  schedules  we  changed  the  pro¬ 
cedure  to  one  in  which  each  RS  interval  was  maintained  until  four  shocks 
had  been  delivered.  If,  on  the  alternating  procedure,  the  behavior  of 
“waiting  for  the  shock  in  order  to  produce  the  longer  RS  interval”  was 
responsible  for  the  low  lever-pressing  rates  in  RSIO”,  the  new  procedure 
should  considerably  weaken  the  reinforcement  for  such  waiting  behavior. 

As  a  consequence,  the  lever-pressing  rate  during  RSIO”  should  increase,  i 
With  two  animals,  SD-51  and  GF-84,  this  is,  indeed,  what  happened.  D 
These  were  the  animals  on  the  multiple  schedule,  that  is,  the  program  1 
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in  which  an  external  stimulus  was  correlated  with  each  RS  interval. 
Rats  GF-70  and  GF-66,  which  did  not  display  all  the  expected  changes, 
were  those  on  the  mixed  schedule  (no  external  stimulus).  (Rat  GF-66  died 
after  the  last  session  shown  in  figure  6.) 

Summary  and  Discussion 

By  means  of  a  number  of  experimental  operations,  we  have  induced 
and  supported  a  conception  of  avoidance  behavior  that  is  based  upon  the 
relative  reinforcing  function  imparted  to  stimuli  by  alternative  avoidance 
contingencies.  A  stimulus  was  defined  as  relatively  reinforcing  when 
the  animals’  behavior  was  such  as  (1)  to  maintain  the  stimulus  once  it 
had  appeared,  and  (2)  to  regain  the  stimulus  relatively  soon  after  it  had 
been  terminated.  A  stimulus  was  defined  as  relatively  aversive  when 
the  animals  behaved  in  such  a  way  as  (1)  to  terminate  the  stimulus 
quickly,  and  (2)  to  postpone  the  onset  of  the  stimulus.  The  lever-pressing 
behavior  was  patterned  in  such  a  way  as  to  produce  and  maintain  the 
more  favorable  interval.  The  finding  held  true  when  two  response-shock 
intervals  were  employed.  In  this  case,  low  response  rates  during  the 
:  shorter  RS  interval  were  attributed  to  the  reinforcing  effect  of  the  change 

to  the  longer  RS  interval. 

t  Most  current  explanations  of  discriminated  avoidance  behavior  explain 
:  the  maintenance  of  the  avoidance  response  by  means  of  a  “drive”  or 

“aversive”  function  held  to  be  acquired  by  the  warning  stimulus  as  a 
!  result  of  its  temporal  relation  to  the  shock.®* Sidman  and  Boren*  have 
I  suggested  that  the  discriminated  avoidance  situation  may  be  considered 
as  a  “multiple  schedule”  in  which  one  avoidance  contingency  prevails 
in  the  presence  of  the  warning  stimulus  and  another  in  its  absence.  The 
latter  viewpoint  places  the  explanatory  stress  upon  the  operant  conse¬ 
quences  of  the  behavior  involved.  The  warning  signal,  rather  than  being 
simply  a  vehicle  for  the  Pavlovian  conditioning  of  drives  or  aversive 
properties,  becomes  a  discriminative  stimulus  that  enters  into  an  operant 
contingency. 

The  utility  of  this  conception  is  emphasized  by  the  present  data,  which 
we  have  interpreted  as  demonstrating  that  the  operant  consequences  of 
the  avoidance  response  determine  the  function  of  the  warning  stimulus. 
The  latter  may  exercise  an  aversive  or  a  reinforcing  function,  by  em¬ 
pirical  definition,  depending  not  only  upon  the  avoidance  contingency 
that  prevails  in  its  presence,  but  also  upon  the  alternative  contingency 
that  is  introduced  along  with  stimulus  termination.  The  function  of  the 
warning  stimulus  is  not  determined  simply  by  the  fact  that  it  is  paired 
with  the  shock,  for  in  our  experiments  shock  occurred  only  in  the  pres¬ 
ence  of  the  light.  Furthermore,  even  when  the  response-shock  interval 
was  maintained  at  a  constant  duration,  manipulation  of  the  response- 
-  light  interval  changed  the  relative  reinforcing  value  of  the  warning  stimu- 

i  lus. 
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The  traditional  avoidance  experiment  was  not  designed  in  such  a  way 
as  to  bring  out  these  critical  factors,  and  it  is  not  surprising  that  at¬ 
tention  has  been  focused  upon  the  Pavlovian-like  temporal  relation 
between  the  warning  stimulus  and  shock  (CS-US  interval).  That  Pav- 
lovian  conditioning  does  occur  in  the  avoidance  situation  has  been  con¬ 
vincingly  demonstrated,*’®  but  no  necessary  relation  between  the  Pav- 
lovian  response  and  the  operant  avoidance  behavior  has  yet  been  shown. 
Some  evidence  indicates,  indeed,  that  the  temporal  correspondence  of 
the  two  response  systems  is  not  such  as  to  suggest  a  causal  relation.’ 
The  present  data  suggest,  in  fact,  that  the  CS-US  interval  may  derive  its 
effectiveness  as  a  controlling  variable  from  the  multiple  and  chained 
avoidance  contingencies  involved  in  the  experiment,  rather  than  from 
any  simple  temporal  relation  between  stimulus  and  shock. 
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IDENTIFICATION  OF  EDIBLE  AND  POISONOUS  MUSHROOMS* 

By  Donald  P.  Rogers 

The  New  York  Botanical  Garden,  New  York,  N.  Y. 

The  identification  of  mushrooms  and  the  rendering  of  opinions  on  their 
edibility  or  toxicity,  although  wholly  unconnected  with  the  research  pro¬ 
gram,  are  a  part  of  the  service  expected  of  an  institution  such  as  The 
New  York  Botanical  Garden.  A  selection  of  the  cases  brought  to  the 
Garden  in  the  last  ten  years  may  prove  instructive,  either  to  those  who 
present  problems  in  mycophagy  or  to  those  expected  to  know  the  answers, 
as  illustrations  of  established  principles. 

Numerous  cases  serve  to  underscore  the  inadequacy  of  our  knowledge. 
One  collector  submitted  for  identification  nearly  a  bushel  of  mushrooms, 
consisting  of  half  a  bushel  of  a  tawny  Lactarius  with  acrid  taste  and 
white  milk  changing  to  sulfur  yellow,  a  peck  of  an  edible  Boletus,  and  a 
smaller  quantity  of  what  passes  here  as  Amanita  citrina.  On  being  in¬ 
formed  that  all  but  the  boletes  were  to  be  regarded  as  toxic,  he  said 
merely  “I  eat  them  all,  many  times,”  and  returned  the  collection  to  his 
basket.  He  may  well  have  spoken  the  truth.  Other  collectors  insist  that 
they  regularly  eat  the  eastern -American  form  of  Amanita  muscaria,  a 
species  reliably  credited  with  lethal  poisonings.  It  is  likely  that  many 
of  these  reports  are  accurate,  even  though  dangerously  misleading.  Much 
that  is  regarded  as  knowledge  concerning  the  toxicity  of  mushroom 
species  is  no  more  than  tradition,  retained  because  of  the  hazards  of 
experimentation  on  human  subjects.  In  addition,  some  certainly  poisonous 
species  may  be  rendered  edible  by  elaborate  preparation  —  for  example, 
by  repeated  soaking  and  parboiling  in  salt  or  alum  solutions.  It  is  neces¬ 
sary,  of  course,  to  regard  such  mushrooms  as  dangerous.  However,  the 
conclusion  to  be  drawn  is  that  we  often  must  offer  not  facts  but  opinions 
concerning  edibility,  and  that  our  list  of  inedible  species  is  certainly 
too  long. 

Idiosyncrasy  must  also  be  taken  into  account.  Charles  Mcllvaine,  the 
author  of  one  standard  book  on  mushrooms,  ate  nearly  all  the  species  he 
encountered,  whereas  our  most  eminent  modern  American  student  of 
agarics  finds  nearly  all  of  them  unwholesome;  hence  the  experience 
of  neither  is  useful  for  most  mycophagists.  On  one  occasion  specimens 
of  Lepiota  molybdites  (L.  morgani)  were  presented  for  identification, 
with  such  strong  testimony  from  a  neighbor  concerning  their  excellence 
that  the  collector  was  deterred  from  retesting  the  species  on  her  own 

*Thi8  paper  was  the  first  of  two  papers  presented  at  a  meeting  of  the  Division  of  My¬ 
cology  on  March  22,  1957, 
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family  only  by  published  accounts  showing  that  the  species  is  highly  g 
toxic  to  one  eater  out  of  four.  The  alternative  result  might  have  been 
similar  to  the  one  reported  by  a  mycological  colleague:  in  a  nearly  fatal  t' 

case  the  attending  physician  rejected  the  suggested  diagnosis  of  mush-  ? 

I 

room  poisoning  on  the  grounds  that  two  of  four  who  had  eaten  a  dish 
of  this  species  were  not  disturbed  by  it.  But  an  opinion  concerning  the 
properties  of  a  mushroom  should  be  based  on  identification,  not  testi-  ji 
monials;  one  man’s  mushroom  is  another’s  poison.  - 

Three  hours  after  eating  a  gift  of  unidentified  mushrooms,  two  adults 
were  taken  to  the  hospital  in  what  was  regarded  as  critical  condition. 
Fearing  to  incriminate  the  giver,  they  refused  to  supply  information  that 
would  lead,  through  him,  to  the  source,  and  to  possible  identification,  of 
the  mushrooms.  It  therefore  became  necessary  for  the  discarded  remains 
of  the  meal  to  be  brought  to  the  laboratory:  thick  slices  of  a  tough  mush¬ 
room  with  Ion g-de current  gills.  The  form  d  the  pileus  remained  even  : 
though  the  material  had  been  fried  with  onions,  stewed  in  tomato  sauce, 
and  thrown  away.  Identification  as  Clitocybe  illudens  was  confirmed  by  ^ 
fresh  specimens  gathered  after  recovery  of  the  victims.  Almost  any  other 
species  would  have  cooked  away  to  an  amorphous  and  unidentifiable  i 
mess.  In  that  case,  identification  would  have  been  possible  only  if  one  ‘ 
specimen  had  been  set  aside  in  the  refrigerator,  a  precaution  that  should  ; 
always  be  observed  by  eaters  of  unnamed  mushrooms. 

Even  more  unsatisfactory  material  for  identification  was  submitted  by 
a  mother  who  found  her  fifteen-months-old  child  sitting  on  the  grass  with  | 
two  thirds  of  a  mushroom  cap  in  her  hand  and  no  fragments  to  be  found.  F 
The  pileus  had  white  gills  free  at  the  inner  margin,  and  a  grayish  cap  j 
with  a  patch  of  the  universal  veil  adhering.  The  conspicuously  striate 
margin  permitted  a  reliable  identification  as  Amanitopsis  vaginata,  a  j 
wholesome  species,  rather  than  a  possibly  deadly  Amanita.  However,  I 
the  hunting  out  and  submitting  of  a  second  complete  specimen,  if  avail¬ 
able,  would  have  made  of  the  identification  a  less  critical  procedure. 
Occasionally  half  a  specimen  is  worse  than  none  at  all. 

It  is  still  useful  to  repeat  what  should  be  a  truism:  that  there  is  no 
general  rule  or  test  for  determining  edibility.  A  dish  of  beautiful  white 
buttons  of  Amanita  verna  was  brought  from  the  home  of  their  recently 
deceased  collector.  Along  with  them  were  eight  or  ten  white  nonfungal  ; 
bodies  that  proved  to  be  cloves  of  garlic,  added  not  for  seasoning 
(surely  one  would  have  sufficed),  but  in  the  belief  that  they  would  turn 
black  in  the  presence  of  toxic  mushrooms.  The  collector  had  died  for 
depending  on  a  “test”  instead  of  finding  out  what  he  was  eating. 

One  notable  case  of  poisoning  from  mushrooms  was  recounted,  al¬ 
though  incompletely,  in  one  of  the  most  accurate  of  our  magazines.  It 
came  to  our  attention  at  the  Garden  when  a  jar  of  cooked  mushrooms  was 
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brought  in  for  identification  by  an  officer  of  the  city  Department  of 
Health.  These  mushrooms  were  quite  immature,  but  undoubtedly  were 
the  cultivated  Agaricus  campestris;  this  diagnosis  was  confirmed  by 
microscopic  examination  that  revealed  among  a  mass  of  bacteria  a  few 
dull-brown  basidiospores.  The  name  confirmed  the  belief  of  the  officer: 
the  mushrooms  had  come  from  a  reliable  commercial  grower.  Neverthe¬ 
less,  one  man  who  had  eaten  of  them  was  dead,  and  others  were  under 
treatment.  This  fact  called,  of  course,  for  inquiry  concerning  the  manner 
of  preparation  of  the  dish,  information  which  was  already  available:  the 
mushrooms  had  been  purchased  and  prepared  many  days  before  the  meal 
for  which  they  were  intended  and  had  been  “preserved  in  olive  oil.”  The 
story  seemed  clear  enough:  a  proteinaceous  alkaline  food  held  for  a  con¬ 
siderable  period  under  a  seal  of  olive  oil  and  now  swarming  with  bac¬ 
teria.  We  asked  whether  the  diagnosis  of  botulism  had  been  considered; 
it  proved  correct.  This  case  might  well  be  considered  the  classical 
demonstration  that  nontoxic  species  of  mushrooms  may  prove  toxic. 

With  the  exception  of  this  case,  all  of  those  that  have  been  presented 
to  the  Garden  add  weight  to  one  additional  observation:  the  best  time  to 
identify  a  mushroom  is  before,  not  after,  eating  it. 
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THE  EXPERIMENTAL  PATHOGENICITY  OF  VARIOUS 
SPECIES -OF  CANDIDA  IN  SWISS  MICE* 

By  Z.  Thaddeus  Mankowski 

The  Lankenau  Hospital  Research  Institute  and  the  Institute  lor 
Cancer  Research,  Philadelphia,  Pa. 

Candida  infections  in  man  have  recently  been  reported  with  increasing 
frequency.  ^  Possibly  this  may  be  attributed  in  part  to  the  administra¬ 
tion  of  antibiotics  in  large  doses^*®'®  in  addition  to  greater  awareness 
on  the  part  of  clinicians. 

It  had  been  known  for  a  long  time  that  C.  albicans  can  cause  dermato¬ 
logical  changes  and  infections  of  the  mucous  membranes,  for  example, 
thrush. The  first  observation  of  an  internal  infection  was  that  of 
Castellani  in  1905,  who  reported  cases  of  bronchopulmonary  candidiasis 
in  Ceylon.*®  It  should  be  noted  that  these  cases  were  not  due  to  C. 
albicans  but,  judging  from  sugar  fermentation  tests,  to  C.  tropicalis. 

Since  Castellani’s  observations,  numerous  cases  of  infection  have 
been  reported.  Bronchopulmonary  conditions  were  most  frequently 
noted.****®' However,  involvement  of  the  central  nervous  system, 
vaginal^^’^  and  urinary  tract  infections,^®  endocarditis,®'^®^  even 
systemic®^  infection  and  involvement  of  the  esophagus®®  have  been  re¬ 
ported.  Allergic  reactions  to  Candida  such  as  bronchial  asthma  were 
also  observed.®* 

The  pathogenicity  of  C.  albicans  was  studied  recently  in  several 
instances.®^"®®  The  present  experiments  were  designed  to  extend  our 
knowledge  of  the  pathogenicity  of  other  Candida  species  that  have  not 
heretofore  been  established  experimentally.  Preliminary  results  were 
previously  reported.®® 

Materials  and  Methods 

At  least  six  strains  of  each  species  were  used.  They  were  obtained 
from  the  American  Type  Culture  Collection  or  supplied  by  the  depart¬ 
ments  of  microbiology  of  Duke  University,  Durham,  N.C.,  Columbia 
University,  New  York,  N.Y.,  the  University  of  Pennsylvania,  Phila¬ 
delphia,  Pa.,  the  University  of  California,  Los  Angeles,  Calif.,  and  the 
Mount  Sinai  Hospital,  New  York,  N.Y.  Strains  of  C.  albicans  isolated 
personally  from  a  case  of  Hodgkin’s  disease  and  C.  tropicalis  and  C. 
kruzei  from  bronchopulmonary  conditions  have  also  been  used.  The  cul¬ 
tures  were  maintained  on  modified  Sabouraud’s  medium.  They  were 
verified  by  fermentation  tests,  slide  cultures,  and  observations  on  the 
pattern  of  growth  on  liquid  media.  For  fermentation  the  technique  of 

*This  paper,  illustrated  with  lantern  slides,  was  the  second  of  two  papers  presented  at 
a  meeting  of  the  Division  of  Mycology  on  March  22,  1957, 
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Langeron^°  was  used.  As  recommended  by  Salvin  and  his  colleagues,*’ 
the  inoculum  was  prepared  from  cultures  of  yeast  phase  grown  at  25°  C. 
in  a  broth  composed  of  Difco  casamino  acids,  10  gm.;  yeast  extract,  1.8 
gm.;  NaCl,  1.5  gm.;  KCl,  1.5  gm.;  Na2HP04,  1.5  gm.;  dextrose,  2  gm.; 
and  distilled  water  to  make  1000  ml.  One  hundred  and  fifty  ml.  of  broth 
was  distributed  in  500-ml.  flasks  and  constantly  agitated  during  the  in¬ 
cubation  period  of  18  to  24  hr.  Under  such  conditions  one  may  assume 
that  all  cells  are  viable.  The  number  of  cells  was  counted  in  a  Levy- 
Hausser  counting  chamber. 

The  organisms  to  be  injected  in  mucin  were  centrifuged  in  saline  sus¬ 
pension  at  2000  rpm  for  15  min.  and  resuspended  in  5  per  cent  mucin 
that  was  prepared  in  the  following  fashion.  Granular  mucin  (type  1701W, 
Wilson  Laboratories)  was  suspended  in  distilled  water  in  a  5  per  cent 
concentration,  allowed  to  stand  for  one  hour,  and  stirred  in  a  Waring 
Blendor  until  smooth.  Autoclaving  for  15  min.  at  15  lb.  pressure  fol¬ 
lowed.  When  the  preparation  cooled,  the  pH  was  adjusted  with  sodium 
hydroxide  to  7.3.  Separately  sterilized  glucose  solution  was  added  to  a 
1  per  cent  concentration. 

Intracerebral  injections  were  made  in  mice  anesthetized  by  intra- 
peritoneal  administration  of  0.02  mg.  of  Nembutal*.  These  injections  into 
the  brain  were  made  at  the  middle  of  a  line  between  the  eye  and  ear  with 
a  27 -gauge  needle  one  quarter  of  an  inch  in  length. 

Cortisone  was  administered  intramuscularly  every  day  —  2  mg.  of 
Cortone  acetate**,  as  noted  in  the  experiments.  Mice  that  were  injected 
with  estradiol  received  300  R.U.  intramuscularly  twice  a  week.  Aureo- 
mycin,  in  the  form  of  Achromycin  HClt,  was  injected  in  2  to  4  mg. 
doses  intraperitoneally  about  15  min.  before  injection  of  saline  suspen¬ 
sion  of  the  organisms. 

Observations 

When  injected  intravenously  in  saline  suspension,  C.  albicans  was 
highly  pathogenic.  C.  stellatoidea  and  C.  tropicalis  were  also  pathogenic, 
but  to  a  lesser  degree,  as  shown  in  table  1. 

Intravenous  injections  of  4  x  10  C.  albicans  cells  caused  death  of 
almost  all  mice  in  48  hr.  Three  strains  of  supposed  C.  albicans  that 
did  not  act  this  way  proved  by  fermentation  tests  not  to  be  C.  albicans. 
Of  100  mice  injected  with  C.  stellatoidea  in  the  same  dosage,  only  44 
died  within  48  hr.  The  pathogenicity  of  one  strain  was  close  to  that  of 
C.  albicans,  but  others  were  less  pathogenic.  In  one  strain  a  dosage  of 
4  X  l(f  caused  death  in  14  of  18  females,  whereas  only  one  male  of  20 
injected  with  the  same  dosage  died.  Of  8  strains  of  C.  tropicalis  tested, 

3  were  found  to  be  nonpathogenic.  Fermentation  tests  showed  that  the 

*Abbott  Laboratories,  North  Chicago,  Ill, 

**Merck  Sharp  &  Dc^me,  Philadelphia,  Pa, 

T Lederle  Laboratories  Division,  American  Cyanamid  Company,  Pearl  River,  N,Y, 
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Figure  1.  Paraffin  section,  McManus  staining  of  mouse  (a)  brain  and 
(b)  kidney,  showing  invasion  by  C.  tropicatis  two  weeks  after  intravenous  in¬ 
jection.  Oil  immersion.  X900. 


latter  fermented  the  same  sugars  as  the  pathogenic  strains  of  C.  tropicalis, 
only  more  slowly  (figure  1).  C.  kruzei,  C.  parakruzei,  C.  pseudotropi- 
calis,  and  C.  guitliermondi  were  nonlethal  when  administered  in  this 
way.  In  sporadic  cases  C.  kruzei  was  pathogenic  to  older  mice  aged  6 
to  8  mo. 
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The  influence  of  dilution  on  the  pathogenicity  of  C.  albicans  may  be 
seen  in  table  2. 

The  pathogenicity  of  C.  albicans  diminishes  as  the  dilution  increases. 
However,  even  in  such  high  volumetric  dilution  as  1:80,000  these  or¬ 
ganisms  can  be  lethal. 

In  prolonged  infections  with  various  species  of  Candida,  central  ner¬ 
vous  system  (CNS)  signs  have  been  seen  with  varying  frequency.  The 
most  frequently  observed  phenomenon  was  a  twisting  of  the  animal’s 
head  with  rapid  perpendicular  and  diagonal  movements.  This  was  ac¬ 
companied  by  hyperactivity  that  was  most  pronounced  early  in  the  morn¬ 
ing  and  in  the  evenings.  Occasionally  some  of  the  animals  executed 
spinning  movements  when  held  by  the  tail,  or  they  turned  rapidly,  like 
the  so-called  waltzing  mice.*^  These  signs  were  observed  most  fre¬ 
quently  several  weeks  after  intravenous  injection,  but  occasionally  they 
were  noted  after  7  to  10  days.  There  were  also  some  differences  in  fre¬ 
quency  of  the  CNS  signs  produced,  depending  on  the  medium  on  which 
the  injected  organisms  were  grown. 

Frequency  of  these  signs  is  presented  in  table  3. 

It  can  be  seen  that  these  symptoms  were  most  frequent  in  mice  injected 
with  C.  tropicalis,  C.  pseudotropicalis,  and  C.  parakmzei.  They  were 
rare  among  animals  inoculated  with  C.  guilliermondi  and  extremely  in¬ 
frequent  among  the  control  mice  in  the  colony  or  among  mice  treated  in 
any  other  fashion.  Of  one  thousand  untreated  mice  taken  at  random  in 
the  colony,  only  one  was  observed  to  have  these  CNS  symptoms.  The 
rapid  course  of  infection  with  C.  albicans  does  not  afford  a  chance  to 
observe  the  animals  long  enough  for  the  appearance  of  these  symptoms. 
However,  in  a  few  cases  that  developed  in  chronic  infections,  we  saw 
one  mouse  with  similar  CNS  signs. 

Intracerebral  injections  of  saline-suspended  organisms  of  various 
species  of  Candida  gave  the  results  summarized  in  table  4. 

C.  albicans,  C.  stellatoidea,  and  C.  tropicalis  are  distinctly  pathogenic 
when  administered  by  this  route.  However,  the  rate  of  mortality  was 
slower  than  that  following  intravenous  injections.  Eighty-two  mice  intra- 
cerebtally  injected  were  observed  for  5  days;  in  this  period  72  mice 
died.  In  contrast,  almost  all  of  the  intravenously  injected  mice  died  in 
48  hr.  A  similar  observation  was  made  on  mice  injected  with  C.  stella¬ 
toidea  and  C.  tropicalis. 

The  pathogenicity  of  the  remaining  species  is  very  low  or  prob¬ 
lematical.  The  early  mortality  after  infection  may  be  due  to  trauma. 
There  were  8  casualties  among  60  placebo-injected  mice. 

The  successful  application  of  mucin  in  testing  the  pathogenicity  of 
various  bacteria  and  fungi^^'^*’^^’^^  induced  us  to  test  it  with  various 
Candidas.  Suspending  the  cells  of  C.  albicans  in  mucin  increased  the 
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pathogenicity  of  these  organisms  in  proportion  to  the  percentage  of 
mucin  employed,  as  may  be  seen  from  table  5. 

The  enhancing  action  of  mucin  diminishes  rapidly  when  the  percentage 
is  lowered  from  10  per  cent  to  1.5  per  cent.  However,  the  high  viscosity 
of  10  per  cent  mucin  makes  injections  difficult.  All  the  experiments  were 
performed,  therefore,  in  5  per  cent  mucin.  The  results  of  these  trials  are 
summarized  in  table  6. 

Candidas  are  generally  nonpathogenic  when  injected  intraperitoneally 
in  saline  suspension.  Salvin  observed^^  that  C.  albicans  may  be  patho¬ 
genic  when  administered  in  this  way  in  very  large  doses.  Our  observa¬ 
tions  are  similar,  but  one  strain  of  C.  tropicalis  was  lethal  to  animals 
inoculated  in  this  manner.  When  injected  in  5  per  cent  mucin  suspension 
not  only  C.  albicans,  but  C.  stellatoidea,  C.  tropicalis,  and  also  C. 
kruzei  and  C.  pseudotropicalis  are  distinctly  pathogenic.  C.  parakruzei 
is  only  occasionally  lethal  by  this  procedure. 

One  strain,  labeled  C.  parakruzei,  that  showed  much  higher  patho¬ 
genicity  when  applied  in  this  way  fermented  and  acidified  glucose  and 
saccharose  and  slightly  acidified  maltose  after  a  period  of  1  week.  For 
this  reason  it  was  discarded.  Blood  from  the  tail  vein  was  regularly 
withdrawn  and  inoculated  into  Sabouraud’s  medium  24  hr.  after  intra- 
peritoneal  injection  of  mucin-suspended  cells.  In  most  cases  the  or¬ 
ganisms  were  recovered  by  this  procedure. 

With  C.  stellatoidea,  we  observed  granules  similar  to  those  that  we 
previously  reported^  as  formed  by  C.  albicans  (figure  2). 

Due  to  differences  in  magnification,  comparison  of  size  is  not  demon¬ 
strated  in  the  illustrations.  C.  stellatoidea  is  in  general  larger  and  pro¬ 
duces  hyphae  in  the  tissue,  whereas  C.  tropicalis  and  C.  pseudotropi¬ 
calis  usually  assume  yeast  phase  and  are  smaller. 

Figure  3  shows  cases  of  invasion  of  the  lung  and  the  kidney  by 
C.  pseudotropicalis  after  injection  in  mucin  suspension. 

Observations  of  Seligman  and  others^'^  indicating  that  Aureomycin 
enhances  the  pathogenicity  of  C.  albicans  suggested  its  application  to 
other  species  of  Candida. 

The  Aureomycin  was  injected  in  2.5  mg.  doses  intraperitoneally.  Its 
effects  on  the  various  species  of  Candida  are  summarized  in  table  7. 

However,  when  the  mice  were  preinjected  intraperitoneally  with  4  mg. 
of  Aureomycin,  8  of  20  animals  injected  with  C.  parakruzei  and  4  of  20 
animals  injected  with  C.  guilliertnondi  died  in  24  hr. 

One  may  see  that  the  results  are  very  similar  to  those  following  the 
experiments  with  mucin.  The  white  cell  count  performed  on  the  animals 
with  the  mucin-Aureomycin  experiments  did  not  show  neutrophilic  re¬ 
sponse.  However,  in  cases  of  infection  with  C.  kruzei  the  ratio  of  neu¬ 
trophils  to  lymphocytes  was  increased  occasionally. 
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The  previously  observed  enhancing  effect  of  cortisone  and  estradiol 
on  experimental  fungus  infections^^^  suggested  testing  the  influence  of 
these  hormones  on  pathogenicity.  The  mice  were  preinjected  with  0.1  cc. 
(600  R.U.)  of  estradiol  intramuscularly  and  4  x  l(f  cells  of  C.  kruzei 
and  C.  pseudotropicalis  were  injected  intravenously.  Injection  of  the 
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Figure  3.  (a)  Paraffin  section  of  a  granuloma  of  C.  stellatoidea  observed  28 
days  after  intraperitoneal  injection  in  mucin  suspension.  Complete  destruction  of 
tissue  rendered  diagnosis  extremely  difficult,  but  the  presence  of  a  few  striated 
muscles  (at  upper  right  comer)  suggests  diaphragm,  (b)  McManus  staining  shows 
organisms  arranged  in  several  annular  granules.  XlOO. 

hormone  twice  weekly  was  continued.  Under  these  conditions  the  or¬ 
ganisms  did  not  become  pathogenic,  at  least  not  to  a  degree  sufficient 
to  increase  lethality.  Similarly,  when  the  same  organisms  were  injected 
in  mice  treated  with  cortisone,  there  was  no  increase  in  pathogenicity 
over  that  of  estradiol-treated  mice. 


THE  Influence  of  Aureomycin  on  Intraperitoneal  Infections  with  Various  Species 
OF  Candida.  All  Mice  Were  Injected  with  2.5  mg.  of  aureomycin 
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In  an  attempt  to  make  C.  parakruzei  and  C.  guilliermondi  pathogenic, 

!  8  X  l(f  cells  in  the  yeast  phase  were  injected  intraperitoneally  in  5  per 

I  cent  mucin  suspension  into  mice  that  had  previously  received  1  injection 
I  of  cortisone  and  estradiol,  and  hormone  injections  were  continued  during 
infection.  Under  these  conditions,  in  a  20-day  period  9  of  20  mice  in¬ 
fected  with  C.  guilliermondi  and  8  of  20  infected  with  C.  parakruzei 
died.  When  subcultures  were  made  on  Sabouraud’s  and  bacterial  media  from 
I  heart  blood  and  various  organs  of  the  dead  animals,  both  bacteria  and 
Candida  were  recovered.  Because  of  the  suspicion  that  lethality  was  due 
to  increased  pathogenicity  of  the  flora  of  the  intestinal  tract  caused  by 
prolonged  treatment  with  cortisone,'**  the  recovered  bacteria  were  resus¬ 
pended  in  5  per  cent  mucin  and  injected  intraperitoneally.  All  mice 
treated  in  this  way  died  within  24  hr.  In  three  instances,  however,  only 
injected  yeast  organisms  were  recovered.  Fermentation  tests  with  the 
pure  yeasts  recovered  from  mice  infected  with  C.  guilliermondi  showed 
acidification  and  production  of  gas  from  glucose,  sacdiarose,  and  raf- 
finose  in  5  days. 

Figures  4  and  5  indicate  invasion  of  the  heart  and  kidney  tissues  by 
C.  parakruzei  (in  the  same  section  we  also  observed  infiltration  of  the 
liver). 

Previous  observations  that  mortality  among  females  was  greater  than 
males  suggested  that  experiments  to  determine  the  significance  of  sex  on 
this  type  of  infection  should  be  performed.  The  following  table  shows  the 
pathogenicity  of  C.  albicans,  C.  stellatoidea,  and  C.  tropicalis  (table  8). 

Since,  following  a  concentration  of  4  x  10*  of  C.  albicans  most  of  the 
animals  died  within  48  hr.,  higher  dilutions  were  used.  One  may  see  that 
the  mortality  was  much  higher  among  females  than  males.  However,  it 
was  observed  that  the  males  were  heavier  than  females.  The  average 
weight  of  males  based  on  100  individuals  was  4  to  5  gm.  greater  than 
I  that  of  females  of  corresponding  age. 

In  the  course  of  testing  fermentation  capacities  of  all  strains  used,  it 
was  found  that  3  of  10  C.  stellatoidea  strains  tested  showed  slight 
acidification  of  saccharose.  Nine  strains  of  C.  guilliermondi  were  tested. 

;  All  of  them  acidified  glucose,  raffinose,  and  saccharose  in  a  period  of 
1  week,  and  1  strain  produced  acid  and  gas  from  these  sugars. 

Veiy  recently,  in  an  attempt  to  elucidate  the  origin  of  CNS  symptoms 
observed,  filtrates  of  cultures  of  C.  parakruzei  and  C.  pseudotropicalis 
were  injected  into  mice.  The  7-day-old  cultures  of  these  organisms  on 
casamino  medium  and  1  per  cent  glucose-peptone  were  filtered  through 
Selas  filters  of  0.3  porosity  and  verified  for  sterility  by  inoculation  on 
bacterial  and  Sabouraud’s  media.  The  I.V.  injections  of  0.5  and  1.0  cc. 
of  these  filtrates  into  Swiss  mice  produced  no  apparent  reaction.  Follow¬ 
ing  the  injection  of  these  filtrates  into  C3H  mice,  convulsions  were  ob- 


560 


TRANSACTIONS 


I 


served  within  a  period  of  about  15  min.  Blood  in  the  urine  and  bleeding 
from  the  nose  were  also  observed.  Injection  of  the  culture  media  alone 
in  doses  up  to  1  cc.  produced  no  apparent  reaction  in  Swiss  and  C3H  mice. 


FIGURE  4.  (a)  Paraffin  section  of  heart,  stained  by  the  hematoxylin-eosin 
method,  showing  invasion  of  muscle  by  C.  parakruzei  injected  in  mucin  sus¬ 
pension  into  mice  treated  with  cortisone  and  estradiol.  x400.  (b)  Tissues  of  the 
same  mouse,  McManus  staining,  showing  masses  of  organisms  vnat  were  in¬ 
visible  in  hematoxylin-eosin  staining,  even  in  higher  magnification.  XlOO. 
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Figure  S.  (a)  Paraffin  section  of  mouse  heart,  McManus  staining,  showing 
C.  parakmzei  invading  muscle  under  the  same  conditions  as  in  FIGURE  7.  Oil 
immersion.  x900.  (b)  Section  of  kidney,  showing  invasion  of  glomerulus.  Oil  im¬ 
mersion.  x900. 

Autopsy  was  performed  on  all  animals  that  succumbed,  as  well  as  on 
those  that  were  sacrificed,  and  the  organs  were  fixed  in  modified  Bouin’s 
solution,  embedded  in  paraffin,  sectioned,  and  stained  with  hematoxylin 
and  eosin  by  means  of  the  McManus  technique.  Detailed  information 
would  be  outside  the  scope  of  this  presentation.  Histopathological  ex¬ 
aminations  were  performed  by  A.  J.  Donnelly  of  our  institute.  There 
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were  no  pathological  changes  observed  in  animals  that  died  in  the  period 
of  48  hr.  after  infection.  Commonly,  in  the  animals  that  died  several  days 
after  inoculation,  kidney  disease  was  most  frequently  encountered. 
Degenerative  and  fibrotic  changes  were  observed  in  chronic  infections. 


FIGURE  6.  (a)  Paraffin  section  showing  granuloma  accompanied  by  giant 
cells,  formed  between  spleen  and  pancreas,  of  an  infant  mouse,  2  wk.  after 
intraperitoneal  injection  of  C.  tropicalis  suspended  in  5  per  cent  mucin. 
Hematoxylin-eosin  stain  does  not  show  the  organisms.  XlOO.  (b)  McManus  stain, 
showing  organisms  in  tissue.  X400. 
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Microscopically  the  most  typical  lesion  was  a  granulomatous  reaction 
with  giant  cells  (figure  6). 

Examination  of  the  brains  of  mice  showing  CNS  symptoms  gave 
negative  results.  In  only  one  case  was  inflammatory  reaction  from  the 
meninges  observed,  as  shown  in  figure  7. 

Serial  sections  of  fourteen  brains  of  mice  showing  CNS  symptoms 
examined  by  J.  T.  McGrath  of  the  Veterinary  School  of  the  University  of 
Pennsylvania  did  not  show  changes  that  would  explain  the  symptoms 
observed.  Attempts  to  recultivate,  the  organisms  on  Sabouraud’s  medium 
from  the  brains  of  sacrificed  animals  showing  CNS  symptoms  were  suc¬ 
cessful  in  most  cases  in  the  first  month  following  inoculation.  The 
isolation  was  less  successful  three  months  after  inoculation. 

Serial  sections  of  the  hearts  of  mice  infected  with  C.  parakruzei 
were  performed  to  determine  if  they  could  be  responsible  for  endocardial 
changes  in  human  beings  reported  in  the  literature.^  Examination  of  the 
serial  sections  of  6  hearts  coming  from  the  sacrificed  mice  1  to  2  mo. 
after  infection  with  C.  parakruzei  have  not  revealed  the  presence  of 
changes  in  endocardium  or  the  presence  of  the  organisms  in  the  tissue. 
Frequency  of  amyloid  changes  following  these  infections  suggested  that 
this  type  of  pathology  may  be  due  to  the  infection,  although  amyloid 
changes  may  occasionally  be  observed  in  control  animals  (figures  8 
and  9). 


Figure  7.  Paraffin  section  of  mouse  brain,  hematoxylin-eosin  staining. 
Mouse  infected  with  C.  tropicalis  (essentially  nonpathogenic  strain),  showing 
leukocytic  infiltration  of  the  meninges.  .<100. 
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FIGURE  8.  (a)  Paraffin  section  of  liver  of  mouse  sacrificed  5  mo.  after  in¬ 
jection  of  C,  pseudotropicalis  showing  beginning  amyloid  changes.  Hematoxylin- 
eosin  stain.  xlOO.  (b)  The  same  section  showing  similar,  but  more  advanced, 
amyloid  changes  in  the  spleen.  Hematoxylin-eosin  stain.  xlOO. 
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FIGURE  9.  Paraffin  section  of  mouse  liver  showing  advanced  amyloid  change 
in  chronic  C.  albicans  infection.  McManus  stain.  X440. 


Discussion 

These  experiments  indicate  that  mice  are  susceptible  to  infections  by 
various  species  of  Candida.  In  this  wide  spectrum  of  pathogenicity,  one 
may  find  acute  infections  due  to  some  organisms  as  well  as  subclinical 
prolonged  infections  with  other  species. 

There  have  been  controversial  reports  that  C.  albicans  and  C.  stella- 
toidea  are  only  variants  of  the  same  species.**®  The  study  of  patho¬ 
genicity  cannot  be  used  as  a  decisive  argument  on  either  side.  Winter 
and  Foley reported  that  “some  strains  clearly  classifiable  as  C. 
stellatoidea  on  the  basis  of  acid  production  would  be  called  C.  albicans 
on  the  basis  of  rabbit  pathogenicity.”  As  reported  in  this  paper  C. 
stellatoidea  was  highly  pathogenic  when  injected  intravenously  in 
saline  suspension  into  mice. 

The  fermentation  tests  of  seven  strains  of  C.  stellatoidea  produced 
slight  acidification  of  saccharose  three  times.  All  verified  and  tested 
strains  of  C.  albicans  were  pathogenic  to  mice.  However,  there  exist 
observations  that  rough  as  well  as  “lethal”  mutants  that  are  less 
pathogenic  than  the  original  smooth  ones  can  be  obtained.*^  Nickerson 
observed  that  pathogenicity  was  regained  when  the  filamentous  mutant 
recovered  its  yeast  phase. ^ 
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One  may  distinguish  among  these  organisms  one  group  that  is  notably  ■ 
pathogenic  to  mice,  namely,  the  group  of  organisms  that  are  lethal  when 
injected  intravenously  or  intracerebrally:  C.  albicans,  C.  stellatoidea,  j 
and  C.  tropicalis.  This  group  also  produces  neutrophilic  reactions  on  the 
part  of  the  host.  All  other  species  are  nonpathogenic  when  injected  ^ 
intravenously  and  are  dubiously  pathogenic  when  injected  intracerebral- 

'y-  .  .  ,  j 

C.  kruzei  and  C.  paeudotropicalis  injected  intraperitoneally  in  mucin  | 
suspension  are  regularly  pathogenic.  C.  paraknizei  can  occasionally  be  I 
pathogenic  by  this  procedure.  C.  guilliermondi  is  nonpathogenic  with  [ 
this  method.  The  differences  in  pathogenicity  that  were  observed  in  F 
these  various  experiments  do  not  justify  their  application  for  diagnostic 
purposes.  j- 

There  are  indications  that  the  organisms  that  are  not  lethal  in  a  short  j; 
period  after  infection  may,  nevertheless,  be  pathogenic.  The  frequency  ^ 
of  CNS  symptoms  would  indicate  this.  The  tendency  of  C.  albicans  to  I 
attack  the  CNS  is  already  known.^’®'*^’®*  Since  there  was  no  evi¬ 
dence  in  sacrificed  animals  of  macroscopic  changes  in  the  middle  eat, 
and  no  histopathological  changes  in  the  brain,  one  would  be  inclined  to  [ 
assume  that  there  had  been  a  direct  action  of  the  organism  on  the  CNS. 

The  most  likely  assumption  would  be  that  these  organisms  are  producing 
toxic  substances.  Although  toxin  production  is  known  mostly  in  bacterial  ’ 
infections,  it  has  also  been  observed  with  fungi.®®  Since  the  symptoms  j 
developed  rather  tardily  (several  weeks  after  infection)  and  only  in  some 
animals,  one  may  assume  that  the  toxin  is  produced  in  small  quantities  F 
and  in  variable  amounts.  Circulation  of  the  organisms  in  the  blood  may  P 
favor  release  of  these  substances  because  intracerebral  inoculation 
leads  only  rarely  to  the  development  of  these  symptoms.  .  | 

When  one  speaks  of  “enhancement”  of  pathogenicity,  it  is  to  be  : 
understood  that  we  are  dealing  with  host-parasite  relationships  and  not 
direct  change  of  pathogenicity  itself.  The  term  infection-promoting  agent 
in  regard  to  mucin  as  proposed  by  Lambert  and  Richley®®  seems  to  be 
more  suitable.  The  mode  of  action  of  mucin  is  discussed  in  several 
papers,^*'®®'®’  and  the  prevailing  opinion  is  that  it  acts  as  a  coating 
agent  for  the  injected  organisms  and  protects  them  from  phagocytic 
action  in  the  host.  j 

If  the  host  does  not  succumb  to  the  infection  in  a  short  period  of 
time,  granulomatous  reaction  accompanied  by  giant  cell  formation  fre¬ 
quently  follows. 

Amyloid  disease  is  a  condition  known  to  follow  chronic  infections,  j 
such  as  tuberculosis,  to  accompany  neoplasms  and  multiple  myeloma,  i 
and  also  to  have  been  produced  experimentally  by  repeated  injections  of  i 
bacteria,  antigens,  caseins,  and  sulfur. ®*’®®  | 
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[  In  chronic  infections  with  these  organisms,  especially  C.  pseudo- 
tmpicalis  and  C.  albicans,  amyloid  changes  were  seen  so  frequently 
I  that,  although  attempts  at  isolation  or  demonstration  of  the  organisms 
were  unsuccessful,  one  must  consider  this  condition  as  being  the  result 
^  of  infection.  In  older  mice  used  as  control,  one  may  see  this  type  of 
j  change,  but  not  so  frequently. 


?  Summary 

!  On  intravenous  and  intracerebral  administration,  under  experimental 

p  conditions,  C.  albicans,  C.  stellatoidea,  and  C.  tropicalis  were  found 
to  be  pathogenic  to  mice.  Neutrophilic  leukocytosis  was  observed  in 

!  these  infections. 

I  When  injected  intraperitoneally  in  mucin  C.  Huzei  and  C.  pseudo- 
tTopicalis  are  distinctly  pathogenic,  C.  paraAiu^ei  occasionally  patho¬ 
genic,  and  C.  guilliermondi  not  pathogenic.  When  injected  in  mucin  sus- 
f  pension  into  a  host  treated  with  cortisone  and  estradiol,  C.  parakruzei 

i  may  invade  all  the  tissues,  including  those  of  the  heart.  However,  this  is 

^  not  regarded  as  experimental  induction  of  endocarditis  by  this  organism. 
^  Normal  white  cell  counts  were  found  in  these  infections;  in  the  hormone- 
:  treated  animals  leukopenia  was  observed. 

I  Intraperitoneal  injections  of  organisms  into  Aureomycin -preinjected 
r  animals  gave  results  similar  to  those  following  injections  in  mucin  sus- 
^  pension. 

-  Symptoms  attributed  to  the  CNS  were  very  frequently  observed  after 
r  intravenous  administration  of  Candidas.  They  were  most  frequently  ob- 

I  served  after  injection  of  C.  parakruzei,  C.  tropicalis,  and  C.  pseudo- 
I  tropicalis,  and  only  exceptionally  with  C.  guilliermondi.  The  symptoms 
j  observed  in  most  of  the  mice  and  the  lack  of  histopathological  demonstra- 
\  tion  of  lesions  in  the  brain  suggest  that  the  irritability  reactions  are 
due  to  toxic  products  of  injected  organisms.  Some  filtrates  of  the  culture 
of  these  organisms  are  toxic  to  C3H  mice  and  produce  no  apparent  re¬ 
action  in  Swiss  mice. 

C.  kruzei  was  occasionally  pathogenic  when  injected  intravenously 
into  mice  six  to  eight  months  old,  but  not  when  given  to  the  younger 
ones. 

As  a  result  of  these  experiments  it  is  suggested  that  Candida  species 
I  are  to  be  added  to  the  list  of  agents  that  may  induce  amyloidosis. 

Tested  strains  of  C.  guilliermondi  acidified  glucose,  raffinose,  and 
saccharose. 
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THE  CHINESE  IN  BRITISH  NORTH  BORNEO:  ECOLOGICAL 
FACTORS  IN  CULTURE  CHANGE* 

By  David  H.  Fortier 
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New  York,  N.  Y. 

Intrcxiuction 

The  study  of  overseas  Chinese  in  Southeast  Asia  has  attracted  in¬ 
creasing  interest  in  academic  circles  during  the  last  decade.  Social 
scientists  in  particular,  recognizing  this  area  as  a  fertile  field  for  re¬ 
search,  have  initiated  studies  with  a  wide  range  of  objectives.  Some 
students  of  anthropology,  pioneering  in  this  area,  have  tended  to  em¬ 
phasize  selective  aspects  of  the  commercially  oriented  urban  socio¬ 
cultural  segment;  Freedman  (1950)  writes  of  Singapore  Chinese  society 
within  a  matrix  of  colonial  law;  Skinner  (to  be  published)  sees  the 
Bangkok  Chinese  community  in  terms  of  leadership  and  power  structure. 
Both  Firth  (1948)  and  Leach  (1950)  encouraged  a  series  of  socioeco¬ 
nomic  studies  of  Chinese  rural  as  well  as  urban  communities  in  Malaya 
and  Sarawak,  respectively.  Subsequently,  Leach's  recommendation  was 
carried  out  by  T’ien  (1953),  who  investigated  the  structure  of  social  re¬ 
lationships  among  urban  and  rural  Chinese  in  Sarawak.  My  two-year 
study,  carried  out  with  funds  from  the  Ford  Foundation,  New  York,  N.  Y., 
and  the  Li  Foundation**,  New  York,  N.  Y.,  has  as  its  main  research  ob¬ 
jective  the  analysis  of  culture  change  among  rural  Chinese  settlers  in 
British  North  Borneo. 

Research  Objectives 

My  own  research  was  stimulated  by  the  converging  theoretical  view¬ 
points  of  Fei  (1939),  Fei  and  Chang  (1945),  and  Steward  (1956).  Fei's 
studies  in  Chinese  rural  economics,  and  the  resulting  typology  of 
peasant  communities  according  to  the  system  of  land  utilization  and  re¬ 
lated  socioeconomic  institutions,  had  long  interested  me.  When  mainland 
China  was  closed  to  further  research,  I  looked  to  an  area  where  it  might 
be  possible  to  make  a  comparative  study  based  on  Fei’s  approach.  The 
most  feasible  area  seemed  to  be  Southeast  Asia,  long  the  haven  for 
south  Chinese  peasant  immigrants.  In  some  countries,  such  as  Malaya, 
Sumatra,  and  Borneo,  there  are  extensive  communities  of  Chinese  settled 
on  the  land  and  engaged  in  producing  cash  crops  for  local  and  world 
markets.  A  study  of  one  of  these  agricultural  communities  might  provide 

*This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
on  March  25,  1957. 

‘‘Granted  through  the  Department  of  Chinese  and  Japanese  at  Columbia  University. 
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answers  to  a  number  of  interesting  questions  concerning  the  relationship 
of  these  new  forms  of  land  utilization  to  certain  changes  in  traditional 
culture  patterns  that  the  peasant  immigrants  had  carried  from  the  main¬ 
land.  In  such  a  study,  however,  it  was  necessary  to  supplement  Fei’s 
conceptual  approach  by  a  broader  orientation.  In  the  South  Seas,  the  role 
played  by  the  different  environmental  potentialities  in  the  selection  of 
available  forms  of  land  use,  as  well  as  the  presence  of  Western  tech¬ 
nologies  and  productive  systems  and  of  radically  new  forms  of  land 
tenure,  were  important  factors  that  had  no  part  in  Fei’s  studies.  All  of 
these  factors,  on  the  other  hand,  had  been  considered  as  relevant  to  the 
study  of  Puerto  Rican  culture  change  by  Steward  and  his  co-workers 
(1956).  Borrowing  Steward’s  broader  theoretical  viewpoint  —  his  con¬ 
cept  of  cultural  ecology  —  and  viewing  a  study  of  Chinese  rural  settlers 
in  these  terms,  we  might  consider  the  main  problem  as  involving  an 
analysis  of  the  process  of  culture  change  in  relation  to  the  ecological 
factors  of  geographical  environment,  land  use,  and  productive  tech¬ 
nology.  Placed  in  this  frame  of  reference,  such  a  study  might  provide  not 
only  answers  for  the  specific  questions  of  the  how  and  why  of  change  in 
Chinese  traditional  culture  patterns,  but  it  might  also  possibly  throw  ad¬ 
ditional  light  on  processes  of  culture  change  operating  on  a  world-wide 
level. 


General  Characteristics  of  British  North  Borneo 

The  choice  of  British  North  Borneo  for  such  a  study  was  dictated  by 
practical  as  well  as  by  theoretical  factors.  Of  the  areas  having  sizeable 
rural  populations  of  Chinese,  it  was  necessary  to  select  a  location  rela¬ 
tively  free  from  political  tensions  that  marked  the  years  preceding,  in¬ 
cluding,  and  following  1953.  Malaya,  Sumatra,  and  Indonesian  Borneo 
were  ruled  out  on  that  score,  and  the  choice  fell  on  British  Borneo,  con¬ 
sisting  of  the  crown  colonies  of  Sarawak  and  British  North  Borneo.  From 
a  survey  of  the  literature  available  at  the  time  and,  particularly,  of  the 
1951  census  ("ones,  1953),  British  North  Borneo  seemed  to  possess  the 
qualifications  that  I  sought. 

British  North  Borneo,  the  northernmost  territory  of  the  island  of 
Borneo,  occupies  an  area  of  about  30,000  square  miles  —  approximately 
the  size  of  Ireland.  Possessing  a  tropical  climate  characterized  by  heavy 
rainfall,  varying  between  areas  from  sixty  to  one  hundred  and  sixty 
inches  per  year,  and  lacking  a  true  dry  season.  North  Borneo  is  marked 
by  generally  poor  soils  and  a  rugged  interior  of  steep  hills  and  mountains 
covered  predominantly  with  rain  forest  vegetation.  Consequently,  its 
development,  which  has  been  agrarian  in  nature,  has  been  confined  to 
the  periphery  of  alluvial  coastal  and  adjacent  interior  plains.  Here  the 
important  cash  crops  of  rubber  and  coconuts  are  produced  for  a  world 
market  on  large-scale  European-owned  plantations  and  on  a  number  of 
immigrant  Chinese  and  indigenous  small  holdings. 
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Chinese  Immigration 

The  history  of  North  Borneo  (Rutter,  1922),  established  as  a  chartered 
company  in  1881,  is  tied  closely  to  that  of  Chinese  immigration.  In  the 
early  days  of  British  rule,  encouragement  of  Chinese  immigration  was  an 
official  administration  policy.  Lacking  a  ready  source  of  man  power,  the 
administration  turned  to  south  China  and  recruited  labor  for  the  con¬ 
struction  of  roads  and  a  coastal  railway.  Many  of  these  immigrants  were 
awarded  grants  of  government  land  along  the  route  established.  Planta¬ 
tions  were  encouraged  to  obtain  Chinese  as  indentured  labor  and,  after 
their  contracts  had  expired,  land  surrounding  these  estates  was  often 
granted  to  settlers  at  minimal  terms.  For  more  than  a  decade  following 
1920  the  government  granted  free  passage  from  China  for  families  of 
existing  settlers. 

The  result  is  that  the  present  Chinese  population,  as  in  Malaya  and 
Sarawak,  constitutes  an  important  numerical  and  functional  segment  of 
a  plural  society.  Of  North  Borneo’s  total  population  of  334,141,  22  per 
cent  (74,374)  is  Chinese.  The  Chinese  function  as  petty  commercial 
capitalists  and  producers  in  an  economic  position  intermediate  between 
a  small  group  of  Europeans  and  the  bulk  of  the  population.  The  Euro¬ 
peans  (0.4  per  cent  of  the  population,  or  about  1200)  represent  foreign 
capital  investments  principally  in  large-scale  plantations  and  commercial 
agencies.  The  indigenous  population  consists  of  ethnically  diverse 
peoples  who,  while  primarily  subsistence  agriculturalists,  are  drawn  in¬ 
creasingly  into  part-time  seasonal  employment;  in  1952  they  constituted 
over  50  per  cent  of  the  colony’s  labor  force. 

As  in  other  parts  of  Southeast  Asia,  the  Chinese  have  gained  a  key 
position  in  the  country’s  economic  structure,  dominating  urban  com¬ 
mercial  activity.  In  North  Borneo,  however,  the  urban  economy  is  tied 
closely  to  the  production  of  cash  crops  for  the  world  market.  In  this 
agricultural  sphere  the  Chinese,  again,  take  first  place.  For  example, 
nibber  is  North  Borneo’s  leading  export,  with  a  total  planted  area  of 
about  130,000  acres.  Of  these,  55,000  are  considered  small  holdings  of 
less  than  100  acres  (North  Borneo  Rubber  Commission,  1949).  Most  of 
these  small  holdings,  as  well  as  the  small  estates  between  100  and  500 
acres  in  area,  are  farmed  or  managed  by  Chinese  owners.  It  is  estimated, 
according  to  the  same  report,  that  at  least  60  per  cent  of  the  rubber  pro¬ 
duced  in  North  Borneo  in  1948  came  from  Chinese  holdings.  Chinese 
also  produce,  for  both  world  and  local  markets,  a  limited  range  of  other 
cash  crops,  of  which  coconuts  rank  next  to  rubber  in  number  of  acres 
planted. 

Reconnaissance  Survey 

Beyond  this  general  picture  of  the  economic  role  of  the  Chinese  in 
North  Borneo  there  was  little  in  the  literature  to  indicate  the  precise 
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nature  of  the  accompanying  changes  that  this  role  obviously  entailed.  It 
was  evident  that,  preliminary  to  the  selection  of  an  area  or  unit  for 
study,  it  would  be  necessary  to  make  a  reconnaissance  of  the  area. 
Field  research  was  accordingly  planned  in  two  related  phases.  Since  the 
major  problem  of  research  was  to  ascertain  in  what  ways  utilization  of 
the  new  environment  entailed  change,  the  first  phase  was  necessarily  an 
extensive  survey  of  areas  of  Chinese  settlement  with  the  objective  of 
mapping  out  environmental  regions  and  associated  forms  of  land  use,  in 
each  case  empirically  determining  what  socioeconomic  features  were 
correlated.  The  second  phase  would  be  an  intensive  study  of  change  in 
one  of  these  areas  on  the  level  of  the  local  community. 

The  trips  that  constituted  the  survey  were  begun  shortly  after  my  ar¬ 
rival  in  North  Borneo  in  March  1954,  and  they  continued  at  intervals  until 
July  of  that  year,  I  visited,  for  periods  of  up  to  a  week,  most  major  towns 
in  North  Borneo  containing  a  sizeable  Chinese  community;  these  visits 
included  side  trips  to  the  many  small  satellite  farming  settlements  that 
cluster  around  a  major  center.  In  each  area  the  mechanics  of  entry  in¬ 
volved  introductions  by  government  officials  to  leading  members  of  the 
Chinese  community  who,  in  turn,  made  provisions  for,  or  themselves 
acted  as,  guides  and  informants.  Between  trips,  I  resided  with  my  wife 
and  family  in  a  Chinese  rubber-growing  community  near  the  capital  and 
port  town  of  Jesselton.  From  this  vantage  point  I  had  easy  access  to 
government  records  and,  at  the  same  time,  I  was  able  to  gather,  for  com¬ 
parative  purposes,  a  limited  amount  of  data  on  the  local  community.  The 
total  period  devoted  to  the  survey  and  to  residence  in  this  community 
was  six  months. 

As  a  result  of  the  survey  data,  two  major  areas  of  Chinese  settlement 
and  land  use  were  demarcated.  A  brief  outline  of  the  characteristic 
features  of  each  region  will  make  clear  the  configuration  of  factors  which 
influence  Chinese  settlement  and  land  use: 

(1)  The  east  coast  region  of  coconut  and  mixed  crops.  This  is  an  ex¬ 
tensive  area  with  a  long  indented  coastline  broken  by  swamps,  by  slug-  [ 
gish  rivers,  and  by  fertile,  heavily  forested  deltas.  It  is  a  sparsely 
settled  region  (the  population  density  is  5  per  square  mile)  with  poor  . 
land  communications.  The  major  transport  is  limited  to  river  and  sea.  i 
Isolated  coastal  ports  form  the  principal  settlement  nuclei.  Because  of  I 
these  factors,  the  area  has  not  been  consistently  attractive  to  Western  I 
capital,  and  commercial  developments  are  now  confined  to  a  few  large-  I 
scale  plantations  producing  hemp,  tobacco,  rubber,  and  coconuts,  plus  f 
an  extensive  timber-extraction  industry.  The  labor  needs  of  the  early  j 
plantations,  in  particular,  served  as  an  original  stimulus  to  Chinese  im-  I 
migration  to  this  area;  and  today  Chinese  rural  settlements  producing  II 
coconuts,  rubber,  coffee,  and  pepper,  are  found  principally  in  the  vicinity  I 
of  these  plantations.  The  cultivation  of  coconuts  takes  priority  in  the  I 
selection  of  available  cash  crops  for  a  number  of  reasons:  the  coconut  I 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


575 


grows  best  on  the  flat  terrain  and  relatively  good  soils  of  the  east  coast; 
I  its  processing  into  copra  is  well  suited  to  the  use  of  family  labor;  and 
i  the  market,  although  not  as  remunerative  as  rubber,  is  fairly  steady.  Be- 
£  cause  it  produces  lower  income,  however,  Chinese  smallholders  grow 
t  subsidiary  crops  or  raise  pigs,  utilizing  coconut  mash  as  feed.  Rubber 
c  as  a  cash  crop  is  not  as  popular  in  this  area  as  on  the  west  coast  be- 
!■  cause  of  the  greater  shipping  distances  involved  in  marketing  it  and  the 
consequent  cuts  in  profits. 

(2)  The  west  coast  and  adjacent  interior  rubber  region.  This  area  con¬ 
sists  of  a  narrow  strip  of  coastal  lowland  drained  by  short,  swift  rivers 
and  characterized  by  sandy-clay  alluvial  soils  and  secondary  forest 
growth,  merging  into  a  zone  of  steep  hills  and  mountains  traversed 
about  thirty  miles  inland  by  a  belt  of  open  valleys  and  plains.  Settlement 
tends  to  conform  to  the  lowland  and  interior  plains  areas,  with  a  density 
of  thirty-one  persons  per  square  mile  on  the  coast,  including  indigenous 
and  Chinese  populations.  Major  transport  consists  of  a  116-mile  railway 
that  links  Jesselton,  the  major  port  and  commercial  center,  with  both  the 
coastal  and  adjacent  interior  towns.  In  addition,  an  extensive  network 
of  feeder  roads  from  the  railhead  towns  serves  outlying  agricultural  com¬ 
munities.  Because  of  the  environmental  factors  favoring  development, 
European  capital  is  represented  by  a  number  of  large-scale  rubber  planta¬ 
tions  located  close  to  the  railway  and  roads.  In  this  compact  area,  too, 

‘  is  located  over  half  the  Chinese  population  of  North  Borneo.  These 

t  Chinese  settlers  were  initially  drawn  into  the  area  by  the  labor  needs  of 

both  government  and  plantation,  but  they  also  represent  the  attraction 
of  the  Chinese  to  the  thriving  centers  of  the  booming  rubber  industry  of 
the  1920s.  Plentiful  land  at  minimal  government  premiums  continued  to 
!  be  an  inducement  to  migration  after  the  rubber  industry  slump  in  the 
1930s.  In  this  monocrop  area,  Chinese  rural  and  urban  economy  is  based 
'  on,  or  primarily  oriented  about,  the  production  of  rubber  for  the  world 
market,  Chinese  farmers  cultivate  rubber  tree  holdings  three  to  more  than 
one  hundred  acres  in  size.  They  process  the  latex  and  then  transport  the 
rubber  sheet  to  local  market  towns  for  sale.  The  buyers  are  Chinese 
shopkeepers  and  middlemen  —  initial  links  in  a  chain  of  traders  leading 
to  the  main  port  of  Jesselton  and  including  the  big  Chinese  exporters 
who  deal  with  the  world  market. 

From  this  broad  outline  of  the  two  major  areas  of  Chinese  settlement 
there  emerge  two  different  land-use  patterns,  each  involving  cultivation 
of  different  cash  crops  with  different  productive  processes  entailed. 
Further  research  was  not  carried  out  in  the  east  coast,  but  from  my  ob¬ 
servations  and  the  limited  data  I  gathered  during  the  survey,  I  should 
say  that  the  socioeconomic  differences  were  of  sufficient  importance  to 
create  a  distinct  subculture  or  subcultures.  This,  however,  is  a  problem 
for  future  research. 

We  shall  be  concerned  here  with  the  subculture  of  the  west  coast  rub- 
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her  region,  and  with  the  community  chosen  to  represent  some  aspects  of 
its  general  way  of  life.  The  selection  of  the  community  was  based  on 
statistical  data  and  on  the  results  of  personal  observation  made  and  im¬ 
pressions  received  during  the  survey.  In  general,  among  the  criteria 
employed  were  such  data  as  percentage  of  land  devoted  to  rubber  and 
that  given  over  to  subsidiary  cash  or  subsistence  crops,  the  ratio  of 
small  to  large  farms,  the  kinds  of  ownership  and  management,  the  dis¬ 
tribution  of  Chinese  in  urban  and  rural  sectors,  and  the  proportion  of 
Chinese  to  indigenous  people.  Some  communities  represent  polar  ex¬ 
tremes  of  this  adaptation  to  rubber  as  a  source  of  income.  At  one  extreme 
are  the  older  communities  near  Jesselton  where  Chinese  settlers  have 
been  living  for  three  generations  and  where  rubber  growing  dominates  as 
almost  the  sole  form  of  land  use.  Such  communities  are  characterized  by 
a  majority  of  larger  holdings,  the  use  of  indigenous  wage  labor,  the  pre¬ 
valence  of  a  high  degree  of  absentee  ownership,  a  tendency  to  land 
hunger  and,  on  a  sociocultural  level,  an  orientation  to  urban  standards  of 
living  and  behavior  patterns.  At  the  other  extreme  are  ttie  pioneer  com¬ 
munities  farthest  from  the  old  settlement  areas,  inhabited  by  first-  and 
second-generation  immigrants.  Here  land  is  marginal  in  value  either  be¬ 
cause  of  hilly  terrain  or  the  need  for  clearing  heavy  jungle.  Transporta¬ 
tion  facilities  are  usually  poor.  Small  holdings  of  three  to  six  acres  ate 
predominant.  The  transition  to  rubber  as  an  eventual  source  of  income  is 
marked  by  rubber  saplings  in  early  stages  of  growth  rising  among  plant¬ 
ings  of  subsistence  and  catch  crops.  Community  orientation  tends  to  be 
centripetal,  reinforcing  conformity  to  traditional  Chinese  peasant  values 
and  behavior  patterns.  Between  these  extremes  lies  a  third  type  of  com¬ 
munity  in  which  aspects  of  both  types  are  represented. 

It  might  be  said  that  these  three  community  types  represent  the  princi¬ 
pal  stages  in  the  development  of  the  small-holding  rubber  area  of  the 
west  coast  and  adjacent  interior.  In  the  communities  typical  of  each 
stage,  a  change  in  the  prevailing  form  of  land  use  —  that  is,  the  degree 
to  which  the  community  has  progressed  in  its  dependence  upon  rubber  as 
a  chief  source  of  income  —  has  brought  about  modifications  in  the  re¬ 
lated  socioeconomic  institutions  and  other  key  cultural  features.  In  this 
sense,  the  three  community  types  also  represent  points  on  a  continuum 
of  culture  change  from  farming  with  a  basic  subsistence  orientation  (in 
essence  as  traditionally  practiced  in  south  China,  with  its  related  ways 
of  life)  to  landholding  on  a  managerial  and  often  absentee  basis.  In  es¬ 
sence,  this  is  the  Western  plantation  system  in  miniature,  carrying  with 
it  wealth,  increased  social  mobility,  and  the  greatest  latitude  for  culture 
change.  In  the  light  of  my  original  interest  in  analyzing  the  dynamics  of 
change,  I  decided  to  select  a  community  representing  the  second  or 
transitional  stage  during  which  the  socioeconomic  and  cultural  forms  re¬ 
lated  to  traditional  Chinese  peasant  technology  might  be  expected  to 


■0\ 


. 


THE  NEW  YORK  ACADEMY  OF  SCIENCES  577 

undergo  most  significant  change.  The  community  considered  to  fit  these 
qualifications  was  Tenom,  at  Mile  86  on  the  rail  line  from  Jesselton. 

Intensive  Study 

Accompanied  by  my  family,  I  took  up  residence  just  outside  the  major 
urban  center  of  Tenom  District  from  September  1954  to  February  1956. 
Tenom  District  lies  about  30  miles  inland,  comprising  a  flat  interior 
valley  about  30  miles  long  and  2  to  4  miles  wide,  surrounded  by  ranges 
of  steep,  densely  forested  hills,  and  mountains  up  to  3000  feet  in  height. 
Two  meandering  rivers  drain  this  valley  area  and,  joining,  flow  to  the 
sea  through  a  gorge  cut  into  the  hill  country.  It  is  through  this  gorge 
that  the  railway  line  from  Jesselton  reaches  Tenom  District. 

Five  thousand  Chinese  have  settled  in  a  50-square*mile  zone  on  the 
flat  land  of  the  valley  and  are  oriented  principally  to  the  centrally  lo¬ 
cated  town  and  the  main  road  and  railway  line.  Extensive  blocs  of  the 
best  valley  land,  however,  are  taken  up  by  two  European-owned  rubber 
plantations.  The  expansion  of  these  plantations,  as  in  other  areas  of 
North  Borneo,  attracted  Chinese  immigrants  in  the  1920s.  These  im¬ 
migrants  migrated  primarily  from  the  Hakka  districts  of  Kwangtung  as 
indentured  labor.  The  core  of  these  laborers  forms  the  basis  of  Tenom ’s 
present  rural  population. 

Land  use  in  Tenom,  while  including  a  range  of  minor  cash  crops,  re¬ 
veals  a  primary  orientation  to  the  production  of  rubber  as  a  small¬ 
holding  crop.  The  transition  to  rubber  as  the  major  cash  crop  is  not, 
however,  a  simple  matter  of  selection  among  alternative  forms  of  land 
use.  The  cultivation  and  production  of  rubber  have  relatively  little  in 
common  with  the  intensive  production  of  field  and  garden  crops  as 
traditionally  practiced  by  south  Chinese  peasants.  The  transition  from 
minor  food  crops  to  a  permanent  crop  such  as  rubber  represents  the 
adaptation  of  the  traditional  Chinese  peasant  system  of  production  to 
the  demands  of  both  a  new  ecological  environment  and  a  historically 
available  form  of  land  use. 

The  cultivation  requirements  of  the  tree  Hevea  braziliensis  are  simple 
and  ideally  fitted  to  the  Borneo  ecology.  As  a  permanent  crop,  this  tree 
entails,  after  initial  planting,  a  six-  to  seven-year  wait  before  it  is 
tappable.  Subsequently  it  requires  daily  tapping,  gathering,  and  pro¬ 
cessing  of  the  latex.  Processing,  a  matter  of  coagulating  the  latex  and 
rolling  it  into  sheets,  is  followed  by  a  brief  period  of  smoking  before 
marketing. 

Three  production  factors  are  interrelated:  (1)  available  markets  and 
transportation  to  them;  (2)  an  available  source  of  labor  for  the  daily 
work;  and  (3)  adequate  capital,  including  investment  in  land  and  funds 
necessary  to  bridge  the  waiting  period.  The  Chinese  immigrant’s  adapta¬ 
tion  to  this  essentially  Western  productive  system  involved  the  fitting  of 
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these  factors  into  the  framework  of  his  traditional  technology.  Markets 
and  transportation  had  been  established  prior  to  his  arrival,  and  settle¬ 
ment  close  to  the  main  routes  was  his  only  requirement.  This  immigrant’s 
family  was  his  traditional  source  of  labor.  His  land  needs  were  met 
under  the  colonial  system  that  granted  permanent  leases  at  low  annual 
rents.  Only  the  need  for  capital  during  the  waiting  period  was  essential. 
Credit,  however,  was  not  available  through  the  traditional  system  of 
mortgaging  land  —  land  was  plentiful  and,  at  this  stage  of  development, 
it  had  no  mortgage  value.  Therefore  the  Chinese  fell  back  on  his  only 
means  of  accruing  capital;  the  growing  of  minor  cash  crops  along  with 
his  basic  subsistence  crops.  In  this  new  milieu,  he  was  freed  from  the 
debt  bondage  characteristic  of  Chinese  peasant  culture,  and  could 
gradually  accumulate  capital;  with  the  gradual  replacement  of  his  minor 
crops  with  rubber  saplings,  he  could  envisage  within  his  lifetime  a 
degree  of  wealth  inconceivable  in  his  native  land. 

This  adaptation  of  a  plantation  crop  to  the  limitations  of  a  peasant 
technology  demanded  the  creation  of  a  new  form  of  land  use  rather  than 
a  simple  modification  of  the  traditional  Chinese  productive  system.  How 
had  the  transition  to  this  new  form  of  land  use  affected  other  aspects 
of  the  traditional  culture?  To  study  the  correlated  changes  in  the  matrix 
of  Tenom  Chinese  society,  I  concentrated  on  a  settlement  zone  consist¬ 
ing  of  six  rural  neighborhoods  representative  of  the  over-all  Tenom  area. 
This  was  a  four-mile  belt  of  small  holdings  containing  about  two  hundred 
families,  close  to  a  main  road  leading  out  from  the  town  of  Tenom. 

Land  use  within  this  zone  was  varied.  Rubber  was  grown  as  a  mono¬ 
crop;  rubber  was  grown  along  with  catch  crops  of  soybeans,  peanuts, 
and  maize,  often  including  subsistence  plantings  of  rice  and  vegetables; 
areas  of  immature  rubber  were  interspersed  with  catch  crops;  and  in 
certain  sections  only  minor  cash  crops  were  grown  with  subsistence  food 
crops.  These  variations  in  land  utilization,  entailing  divergent  tech¬ 
nologies,  tended  to  fall  into  three  principal  categories:  (1)  farms  with 
minor  cash  and  subsistence  crops,  either  with  no  rubber  or  where  rubber 
was  immature;  (2)  farms  with  rubber  as  the  chief  cash  crop,  along  with 
catch  and  subsistence  crops;  and  (3)  farms  devoted  to  rubber  as  a  mono¬ 
crop.  Each  of  these  categories  in  turn  was  found  to  correlate  with  a 
fairly  distinct  sociocultural  segment  or  grouping,  reflecting  a  growing 
divergence  in  the  way  of  life.  Two  of  these  groupings  will  be  summarized 
briefly  to  point  up  the  major  differences. 

(1)  Farms  with  minor  cash  and  subsistence  crops,  with  no  rubber  or 
immature  rubber;  these  are  “owned”  on  permanent  or  temporary  lease. 
Land  is  cultivated  by  the  owner  with  family  as  the  primary  source  of 
labor,  but  supplemented  with  reciprocal  labor  exchange  on  a  kin  or  lo¬ 
cality  basis.  Farms  tend  to  mn  between  three  and  six  acres;  smaller 
farms  often  share-rent  extra  acreage  for  a  subsistence  rice  crop.  Males 
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I  in  the  family  may  earn  wages  in  the  slack  season;  female  members  do  the 

I  major  part  of  farm  work,  including  selling  produce  at  the  local  market. 

■  Consumption  norms  are  bounded  by  a  one-  or  two-room  bamboo  hut, 

t  handmade  furniture,  homemade  clothes,  and  diet  restricted  to  home-grown 

j  produce.  The  family  type  is  generally  nuclear,  with  three  or  four  mem- 

'  bers.  Marriage  tends  to  be  arranged  by  parents  within  their  own  socio- 

1  cultural  group.  Education  is  said  to  be  the  key  to  socioeconomic  mo- 

I  bility,  but  it  is  seldom  pursued  beyond  the  primary  years.  Recreation  is 

limited  to  visiting  either  in  homes  or  in  the  shops,  and  gambling  for  gain 
is  a  popular  pastime.  Values  are  conservative,  and  orientation  is  toward 
I  preservation  of  status  and  conformity  to  locally  accepted  modes  of  be- 
I  havior. 

I  (2)  Farms  with  rubber  as  the  chief  cash  crop,  along  with  catch  and 
I  subsistence  crops:  these  are  all  owned  on  a  permanent  lease.  Although 

;  they  are  owner-operated,  family  labor  is  supplemented  by  indigenous 

I  labor  paid  in  cash  or  shares;  labor  exchange  does  not  exist.  Farm  size 

-  is  usually  over  ten  acres  and  may  be  as  high  as  thirty  acres;  a  farm 

sometimes  consists  of  several  noncontiguous  holdings.  The  proportion 
devoted  to  subsistence  crops  is  small,  and  diet  is  supplemented  by 
I  purchased  foodstuffs.  Consumption  norms  exceed  those  of  the  previous 

r  category  and  are  marked  by  plank-  and  tin-roofed  houses,  sometimes 

:  two-storied;  possession  of  luxury  goods  and  prestige  items;  and  the 

I  wearing  of  custom-made  clothing.  The  family  type  is  basically  nuclear, 

[  but  married  sons  and  collaterals  are  more  frequently  appended.  A  larger 
I  number  of  children  is  also  recorded.  Freedom  of  choice  in  marriage  is 

[  frequent;  in  the  marriage  ceremony,  custom  takes  second  place  to  em- 

r  phasis  on  the  prestige  of  feast-giving.  Education  for  urban  commercial 

•  or  clerical  positions  is  stressed;  higher  schooling  outside  Tenom  is 

J  common  for  both  boys  and  girls.  Political  roles  on  the  local  school 

I  board  are  held,  on  occasion,  by  members  of  this  group.  Recreation  is 

I  urban-orient ed;  trips  to  town  for  both  men  and  women  are  frequent,  and 

I  time  and  money  are  consumed  at  movies,  in  the  tea  shops,  and  in  oc- 

I  casional  gambling.  Values  are  in  flux;  the  striving  for  economic  gain 

j  breeds  an  individualism  that  clashes  with  whatever  kin  or  community 

I  ties  exist,  creating  increasing  dissension  within  the  family  and  local 

I'  group. 

(3)  Farms  on  which  rubber  is  grown  as  a  monocrop  reveal  a  continua- 
I  tion  of  the  trends  listed  under  the  second  category  and,  while  the  limi- 

j  tations  of  this  paper  do  not  permit  elaboration,  it  can  be  noted  that  this 

;  group  is  characterized  by  large  holdings  operated  on  a  managerial  and 

=  often  absentee  basis.  Transition  from  rural  to  urban  residence  with  con- 

i  comitant  alteration  in  the  way  of  life  is  a  frequent  occurrence. 

The  sociocultural  segments  here  outlined  are  not  rigidly  demarcated, 
t  nor  are  they  static  entities.  They  are  fluid  groupings  with  a  flexible 

L 
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membership  determined  by  a  particular  relationship  to  land  —  the  prime 
source  of  wealth.  Within  the  community,  as  different  members  change  in 
their  relationship  to  this  means  of  production,  inequalities  occur  with 
consequent  rivalries  and  factional  realignments  that  transcend  the  lo¬ 
cality  tie.  In  terms  of  the  dynamics  of  change,  a  major  result  of  dif¬ 
ferentiation  in  land  use  is  the  restructuring  of  the  community  along 
horizontal  or  “class”  lines.  The  resultant  sociocultural  groupings  in¬ 
creasingly  form  the  matrix  for  social  behavior  and  action  and,  in  the 
process,  each  grouping  comes  to  represent  a  way  of  life  diverging  from 
the  common  denominator  of  overseas  Chinese  culture. 

In  this  brief  account  I  have  attempted  to  indicate  the  general  outlines 
of  my  study  in  terms  of  research  processes,  from  selection  of  a  problem 
to  an  example  of  some  of  the  results.  I  feel  that  the  nature  of  the  results 
constitutes  further  evidence  of  the  validity  of  the  cultural  ecological 
method  in  an  analysis  of  culture  change  in  agrarian  societies  around  the 
world. 
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!  SECTION  OF  OCEANOGRAPHY  AND  METEOROLOGY 

PROGRESS  IN  OBJECTIVIZATION  AND  AUTOMATION 
OF  EXTENDED  FORECASTING* 

1  By  Jerome  Namias 

United  States  Weather  Bureau,  Washington,  D.  C. 

!  Introduction 

Since  its  inception,  weather  forecasting  has  been  an  application  of 
the  inexact  science  of  meteorology.  Lacking  quantitative  methods  of 
;  prediction,  the  forecaster  has  been  forced  to  balance  and  weigh  many 
complex  factors  in  a  manner  that  the  exact  scientist  often  finds  frustra¬ 
ting.  It  is  small  wonder  that  generations  of  meteorologists  have  engaged 
in  the  quest  for  more  objective  methods  of  prediction. 

After  a  number  of  abortive  attempts  beginning  around  the  turn  of  the 
i  century  it  now  appears  that  the  way  to  greater  objectivity  has  been  il- 

j  laminated.  This  development  has  been  made  possible  (1)  by  a  better 

understanding  of  the  physical  processes  that  underlie  weather,  particu- 
I  larly  the  3-dimensional  large-scale  motions  of  the  atmosphere;  (2)  by  the 

I  routine  accumulation  and  dissemination  of  vast  quantities  of  meteorologi¬ 
cal  data  from  extensive  areas  of  the  earth;  and  (3)  by  the  development 
of  high-speed  electronic  machines  that  render  feasible  the  laborious  and 
I  intricate  computations  necessary  to  make  objective  predictions.  At 

[  present,  numerical  predictions  are  made  routinely  for  the  contours  of 

isobaric  surfaces  for  periods  up  to  72  hours  in  advance,  as  well  as  for 
vertical  motions  up  to  36  hours. 

i  For  periods  further  in  advance,  for  example,  5  days  up  to  a  month,  the 
state  of  meteorological  knowledge  has  made  objectivity  even  more  dif¬ 
ficult  to  obtain  than  in  short-range  forecasting.  It  is  interesting  to  note, 
however,  that  the  central  idea  that  led  to  the  first  successful  numerical 
prognoses  was  actually  discovered  in  the  process  of  developing  pro- 
j  cedures  for  extending  forecasting.'  In  view  of  this,  it  seems  possible 

I  that  techniques  similar  to  those  applied  in  short-range  work  might  also 

I  succeed  in  prediction  for  longer  periods.  In  other  words,  the  direction  of 

i  flow  of  knowledge  over  the  past  fifteen  years,  when  concepts  developed 

J  in  extended  forecasting  stimulated  the  development  of  new  methods  for 

j!  shorter  range  forecasting,  appears  to  be  reversing  so  there  may  be  feed- 

I:  back  of  increased  knowledge  of  shorter  period  phenomena  into  extended 

j!  and  long-range  forecasting. 


*Thit  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
on  March  26,  1957. 


ontours  (solid,  labeled  in  hundreds  of  feet)  and  2-day  mean 
*  1956,  The  estimate,  called  a  barotropic  trend  map.  was 
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Obtaining  the  Longer  Period  Trend  by  Numerical  Methods 
For  many  years  the  central  starting  point  for  5-day  forecasts  of  mid- 
tropospheric  circulation  has  been  the  “trend  map”  —  a  5-day  mean  700- 
mb.  chart  centered  on  the  day  of  the  forecast  that  contains  2-day  mean 
(centered)  height  tendencies,  as  well  as  contours.  Obviously,  the  con¬ 
struction  of  such  a  chart  requires  information  concerning  the  subsequent 
2^1  days  as  well  as  the  past  days.  Older  methods  of  obtaining  the 
predictive  information  have  been  statistical  in  nature,  the  future  values 
being  computed  by  use  of  regression  equations  containing  known  auto¬ 
correlations  between  day-to-day  mid-tropospheric  pressures,  together 
with  normals  pertaining  to  different  places  and  times  of  the  year.  The 
recent  breakthrough  in  short-range  numerical  forecasting  that  has  led  to 
reasonably  accurate  24-  and  48-hr.  forecasts  of  500-mb.  height  now 
makes  it  possible  to  extract  values  from  these  prognoses  rather  than  use 
statistical  approximations.  The  new  chart,  a  sample  of  which  is  dis¬ 
played  in  FIGURE  1  alongside  the  observed  chart  it  is  designed  to  repre¬ 
sent,  has  been  in  use  for  a  few  months.  Its  advantage  over  the  older 
method  lies  in  introducing  greater  changes  in  pattern,  thereby  overcoming 
one  of  the  weaknesses  of  the  older  chart  which,  relying  heavily  on  per¬ 
sistence,  tends  to  “freeze”  the  current  state.  This  new  chart  also  adds 
objectivity  to  the  forecaster’s  short-period  thinking  which  is,  to  a  large 
extent,  barotropic  in  nature.  Its  principal  shortcoming  is  that  errors  of 
short-range  numerical  prognoses  are  especially  large  in  the  Pacific, 
and  these  errors  can  and  do  affect  the  United  States  pattern  in  less  than 
5  days.  Nevertheless,  the  chart  has  been  of  material  help  in  5-day  prog¬ 
noses^  and,  as  the  24-  and  48-hr.  prognoses  improve,  there  is  reason  to 
believe  that  it  will  replace  the  older  statistically  prepared  trend  map  as 
a  point  of  departure  for  the  5-day  forecast. 

The  Basic  5-day  Forecast  Problem 

Regardless  of  how  accurate  the  above-described  trend  map  becomes, 
it  will  not  solve  the  5 -day  forecast  problem,  but  it  will  at  best  indicate 
the  broad-scale,  slower  evolving  trends  that  often  point  the  way.  Indeed, 
the  present  operation  of  5-day  forecasting  can  be  briefly  (although  over- 
simply)  described  as  an  attempt  to  picture  the  evolution  of  the  5-day 
mean  circulation  up  to  4  days  after  the  trend  map.  The  methods  of  doing 
this  are  highly  involved^  and,  even  though  they  make  liberal  use  of 
physical  concepts  and  statistical  aids,  they  are  certainly  not  sufficiently 
objective.  Many  of  the  so-called  “tools”  involve  elements  that  find  root 
in  the  vorticity  concept.  Stripped  down  to  utter  simplicity,  the  questions 
the  forecaster  tries  to  answer  are  similar  to  the  following:  How  balanced 
is  the  trend  map?  Are  the  motions  of  various  systems  and  developments 
indicated  by  the  trend  map  in  harmony  with  one  another  or  are  they  con¬ 
flicting?  If  the  latter  is  the  case,  how  will  this  conflict  be  resolved?  To 
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Figure  4.  Observed  5-day  mean  500-mb.  pattern  for  June  4  to  8,  1956. 

a  large  extent  the  resolution  depends  on  the  forecaster’s  subjective 
^  use  of  the  principle  of  absolute  vorticity  —  through  constant  absolute 
vorticity  paths,  through  wave-length  studies,  or  through  statistical  re¬ 
sults.  Obviously,  this  part  of  the  prognosis  should  be  amenable  to 
;  numerical  forecasting  techniques,  provided  certain  necessary  modifica- 

I  tions  of  the  barotropic  model  are  introduced.  Some  of  these  modifications 

are  described  below. 

Some  Experiments  in  Numerical  Extended  Forecasting 
with  the  Barotropic  Model 

Since  vorticity  concepts  have  been  applied  with  some  success  to  time- 
averaged  mean  charts  for  almost  20  years,  an  attempt  has  been  made  to 
employ  mean  charts  as  a  basis  for  barotropic  prognosis: 

(1)  Selected  observed  5-day  mean  charts  for  the  500-mb.  surface  were 
run  with  the  barotropic  model  on  the  IBM  701  Computer,  as  in  routine 
daily  forecasts  by  the  Joint  Numerical  Weather  Prediction  Unit  in  Suit- 
land,  Md.  These  predictions  were  carried  out  to  8  days,  and  a  printout 
prediction  was  obtained  for  each  day.  The  prognoses  displayed  a  logical 
continuity  throughout  the  period  with  no  suggestion  of  computational 
instability;  that  is,  the  patterns  remained  smooth  and  of  appropriately 
large  scale.  The  patterns  resembled  those  of  the  observed  charts  up  to  a 
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few  days,  but  they  became  increasingly  discordant  and  characterized  by  ^ 
flat  fast  westerlies  thereafter. 

(2)  Next,  the  new  type  trend  chart  (the  one  using  short-range  baro- 

tropic  estimates  and  described  earlier)  for  one  of  the  cases  was  used  r 
as  initial  or  input  data  for  the  predictions  and  run  for  5  days.  The  pre-  i 
dictions  were  surprisingly  similar  to  those  obtained  by  using  all  known 
data  (rather  than  half-known  and  half-estimated).  This  result  indicated  I 
that  the  starting  point  for  a  5-day  mean  prediction  might  be  moved  up  2 
days.  However,  in  this  case  the  trend  map  was  a  very  good  representation  . 
of  the  chart  it  was  designed  to  estimate.  | 

(3)  It  was  felt  that  the  failures  of  the  above  predictions  were  due 
largely  to  the  neglect  of  terms  not  considered  in  the  simple  barotropic 
model  that,  after  all,  can  only  redistribute  the  existing  vorticity.  While  j 
the  rigid  incorporation  of  these  missing  terms  is  probably  the  central  I 
and  most  difficult  problem  facing  weather  forecasting,  it  is  possible  that 
certain  statistical  estimates  may  be  used  to  improve  the  performance  of 
the  barotropic  model  —  a  philosophy  that  underlies  current  extended  fore¬ 
casting  practice  in  the  United  States  Weather  Bureau. 

The  particular  method  used  in  the  experiment  was  to  make  use  of  the 
fields  of  departure  from  normal  of  the  initial  chart  (the  trend  chart,  in¬ 
cluding  24-  and  48-hr.  estimates)  in  the  manner  described  below. 

If  the  earth  were  a  smooth  surface  with  no  longitudinal  temperature 
differences,  the  mean  state  of  the  general  circulation  would  show  no 
preferred  regions  for  ridges  or  troughs  in  the  upper  westerlies  and  would 
thus  consist  of  a  vast  circumpolar  whirl  of  zonal  winds.  Many  factors, 
such  as  mountains  or  other  ocean-continent  contrasts,  that  interfere  with 
the  successful  operation  of  the  barotropic  model,  particularly  at  long 
range,  would  be  eliminated  on  the  assumed  fictitious  earth.  Now  we  can 
construct  a  fictitious  500-mb.  circulation  (corresponding  to  an  observed 
pattern)  as  it  might  look  on  such  an  earth  where  the  general  circulation 
of  the  westerlies  is  everywhere  zonal  (parallel  to  the  latitude  circles), 
and  yet  has  a  meridional  wind  profile  corresponding  to  the  observed 
chart.  To  do  this,  we  simply  subtract  from  the  actual  map  the  latitudinal 
anomaly  of  the  normal  pattern  for  the  appropriate  time  of  year.  Or 

Fictitious  Chart  =  Z-(Z,  -Z^) 

N  N 

or  =  rZ-Z^)  +  Z^ 

Where  Z  represents  the  observed  heights,  Z^  is  the  time-averaged 
normal  for  the  appropriate  time  of  the  year,  and  Z ^  is  the  average  of  \ 
the  normal  heights  along  a  latitude.  j 

Such  a  chart  was  then  used  as  the  initial  mean  and  run  to  72  hr.  with  I 
the  barotropic  model.  The  prognoses  then  must  be  reduced  once  more 
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to  the  real  earth  that  contains  preferred  areas  where  ridges  and  troughs 
congregate.  This  may  be  done  by  solving  for  Z  in  the  above  equation  —  a 
process  the  purpose  of  which  is  to  incorporate  once  more  substitutions 
for  effects  of  such  factors  as  mountains  and  heat  sources.  In  a  sense  the 
fictitious  chart  may  be  viewed  as  a  catalyst  used  to  expedite  the  prog¬ 
nosis.  By  viewing  it  in  another  way,  this  method  applies  the  vorticity 
concept  to  the  departure  from  normal  fields,  as  suggested  by  Clapp,^  but 
with  the  important  difference  that  a  carrying  current  is  introduced.  Ob¬ 
jections  can  be  raised  to  such  an  oversimplified  solution  of  such  a 
complex  problem.  For  example,  nonbarotropic  effects  operate  at  each 
phase  in  the  evolution  of  the  pattern,  and  cannot  be  removed  completely 
or  considered  in  one  fell  swoop.  Of  course,  in  the  final  analysis  one 
must  judge  the  validity  of  such  an  idea  by  the  success  it  attains.  Some 
examples  are  cited  below. 

(4)  The  first  case  was  run  with  the  1020  point  grid  (380  km.  mesh 
length)  and  balance-equation  model  currently  used  in  short-range  work. 
Experiments  with  a  483  point  (600  km.  mesh  length)  grid  and  utilizing  the 
goostrophic  approximation  succeeded  just  as  well  as  with  the  more 
elaborate  model.  Apparently  the  large  scales  of  systems  on  mean  charts 
do  not  require  great  detail  and  the  geostrophic  assumption  is  quite  ap¬ 
plicable.  Moreover,  this  simpler  model  consumes  much  less  machine 
time. 


V erification  of  the  Mean  5-Day  Prognoses 

Four  cases  on  which  to  test  the  above-described  hypothesis  were 
selected.  The  cases  were  selected  at  random  from  material  that  was 
readily  available,  with  the  exception  of  one  (case  2),  which  was  chosen 
specifically  because  of  a  major  failure  in  an  official  5-day  forecast  pre¬ 
pared  by  standard  methods.  In  each  case  a  prediction  was  made  for  the 
mean  500-mb.  pattern  for  the  5 'days  following  the  initial  day. 

An  example  is  shown  in  figures  2  to  4  where  the  initial  day’s  chart, 
that  for  June  3,  1956,  is  shown  together  with  the  prognosis  and  observed 
patterns  for  the  period  from  June  4  to  8.  The  changes  predicted  and  ob¬ 
served  between  the  initial  June  3  chart  and  the  5-day  mean  are  shown  in 
FIGURE  5.  Many  features  of  the  mean  were  well  predicted,  especially 
the  contour  patterns  from  the  Pacific  Coast  of  North  America  eastward 
to  Europe.  The  patterns  are  poor  in  the  remaining  area.  Indeed,  the 
boundaries  of  the  input  data  (essentially  that  of  the  maps  shown)  would 
make  it  unlikely  that  one  could  expect  an  informed  forecast  for  the 
Pacific  or  Asiatic  sectors.  F or  this  reason  these  areas  are  shaded  and 
not  considered  in  the  verification.  With  the  expansion  of  the  input  data 
area  made  possible  with  the  increased  capacity  of  the  IBM  704,  it  is 
hoped  that  these  areas  will  show  improvement. 
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The  correlation  of  the  change  patterns  shown  in  figure  5  computed 
from  North  America  eastward  through  the  Atlantic  and  Western  Europe 
is  0.77.  This  is  a  harsh  statistical  control  since,  with  its  use,  persist* 
ence  of  the  last  day  as  a  forecast  achieves  a  score  of  0.  The  three  other 
cases,  all  in  Noverrher  1956,  verified  in  the  same  manner,  gave  values 
of  0.66,  0.55,  and  0.50.  The  second  case,  chosen  for  its  difficulty,  in¬ 
volved  the  retrogression  of  a  trough  originally  off  the  east  coast  of  the 
United  States  into  the  Midwest.  Although  the  official  (standard  type) 
forecast  failed,  the  numerical  forecast  succeeded  in  predicting  the  retro¬ 
gression,  although  with  not  quite  sufficient  motion.  Certain  other  sta¬ 
tistics  that  were  computed  in  an  attempt  to  compare  the  prognosis  with 
other  controls  will  be  enumerated  elsewhere.  In  general,  it  appears  that 
with  this  system  of  verification,  the  numerical  prognoses  contained 
about  the  same  degree  of  skill  as  conventional  5-day  prognoses,  even 
though  the  numerically  predicted  maps  generally  appeared  superior  to 
me,  as  I  feel  that  a  verification  system  that  truly  captures  the  fore¬ 
caster’s  impression  of  goodness  has  yet  to  be  developed.  Unfortunately, 
only  one  comparison  is  available  between  the  simple  barotropic  forecast 
made  with  the  initial  trend  chart  and  that  made  using  the  "catalyst” 
method.  Here  the  latter  was  distinctly  superior,  accounting  for  60  per  cent 
of  the  variance  of  the  changes  while  the  former  accounted  for  only  42 
per  cent. 

Errors  in  the  final  prognoses  are  due  to  many  things  that  we  cannot 
discuss  at  length  in  this  brief  resume.  It  is  clear  that  the  quality  of 
daily  24-  and  48-hr.  prognoses  entering  into  the  initial  trend  chart  will 
affect  the  final  results.  Then  there  are  a  multitude  of  factors  of  mathe¬ 
matical  as  well  as  physical  nature  —  aside  from  the  "boundaiy  errors” 
mentioned  earlier.  There  is  evidence  from  the  inspection  of  the  numerical¬ 
ly  predicted  patterns  and  from  statistical  verification  that  the  skill 
achieved  cannot  be  ascribed  entirely  to  the  incorporation  of  the  24-  and 
48-hr.  prognoses  in  the  initial  trend  charts.  The  changes  from  initial 
trend  chart  to  final  predicted  mean  are  all  positively  correlated  with 
the  observed  changes,  even  though  these  correlations  vary  widely 
(0.80,  0.36,  0.24,  0.16).  Correlations  between  the  departure  from  nor¬ 
mal  of  the  final  predicted  and  observed  mean  are  0.70,  0.33,  0.30,  and 
0.36. 

The  net  impression  gained  from  the  4  test  cases  is  that  use  of  numeri¬ 
cal  predictions  of  this  sort  can  be  of  material  assistance  to  the  5-day 
forecaster  and  when  used  in  conjunction  with  other  tools  improve  his 
predictions.  At  the  very  least,  these  test  cases  make  it  possible  to  ob¬ 
tain  reasonable  skill  in  an  objective  fashion. 

Applications  to  30-Day  Prognosis 

As  with  the  statistically  produced  trend  map  described,  the  point  of 
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FIGURE  8.  Observed  30-day  mean  700-mb.  chart  for  the  period  mid-November 
to  mid-December  1956. 

departure  for  30-day  circulation  forecasts  is  a  30-day  mean  map  centered 
on  the  day  of  the  forecast.  The  statistical  approximations  for  the  un¬ 
known  15  days  in  a  sense  represent  crude  estimates  of  the  net  effect  of 
many  factors  such  as  heating,  friction,  and  mountain  influences.  The  re¬ 
sulting  chart  may  be  considered  as  giving  an  estimate  of  the  30-day 
mean  mid-tropospheric  pattern  that  might  be  observed  if  there  were  no 
internal  dynamic  readjustments.^ 

This  30-day  trend  chart  was  used  as  input  data  for  the  barotropic 
model.  Two  cases  were  run  on  the  Swedish  machine  Besk  while  the 
author  was  carrying  on  research  at  the  International  Institute  of  Meteorol¬ 
ogy  in  Stockholm  and  another  on  the  IBM  701  computer  in  Washington, 
D.C.  The  forecasts  were  run  out  to  only  48  or  at  most  72  hr.,  under  the 
assumption  (based  on  experience)  that  the  well-known  persistent  recur¬ 
rence  of  type  circulations  during  a  month  leads  to  the  result  that  a  mean 
monthly  pattern  becomes  established  quickly  after  the  date  of  the  trend 
map  and  thereafter  remains  fairly  stable.  In  other  words,  it  is  assumed 
that  short  time  steps  in  machine  computation  on  monthly  charts  cor¬ 
respond  in  reality  with  much  longer  (perhaps  5  times  as  long)  periods.  At 
any  rate,  the  48-hr.  (and  in  the  Washington  case,  72-hr.)  predictions  were 
compared  with  the  observed  30-day  mean  maps  for  the  month  following  the 
forecast.  In  all  three  cases  the  correlations  of  changes  were  positive; 
0.70,  0.62,  and  0.25.  The  same  area  was  considered  as  in  the  verifies- 
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tion  of  5-day  forecasts.  The  initial,  predicted,  and  observed  patterns  for 
the  November  case  are  shown  in  figures  6  to  8,  where  it  is  apparent 
that  while  the  ridges  and  troughs  correspond  fairly  well  in  position,  the 
predicted  amplitudes  are  too  small.  The  statistics  of  verification  also 
indicate  that  the  larger  part  of  the  skill  of  the  prognoses  comes  from  the 
statistical  estimates  rather  than  from  the  redistribution  of  vorticity. 
Nevertheless,  pattemwise  it  appears  that  the  latter  part  of  the  procedure 
contributes  to  a  better  forecast.  For  example,  in  the  case  illustrated,  the 
final  prediction  correctly  eliminated  the  original  west  Atlantic  trough, 
while  the  trend  map  (not  reproduced)  did  not. 

While  it  is  naturally  too  early  to  draw  hard  and  fast  conclusions  from 
such  a  limited  sample  of  data,  it  appears  that  numerical  prognoses  may 
be  also  of  material  assistance  in  the  routine  preparation  of  30-day  out¬ 
looks. 
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Note.  The  programs  of  the  following  conferences  held  by  the  Academy 
during  the  month  of  March  1957  will  appear  in  the  May  issue  of  the 
Transactions:  Protein  Nutrition  -  March  1  and  2,  1957;  Second  Sulfona¬ 
mides  Conference  -  March  22,  1957;  and  Comparative  Clinical  and 
Biological  Effects  of  Alkylating  Agents  -  March  28,  29,  and  30,  1957. 
The  list  of  new  members  elected  by  the  Council  on  March  28,  1952 
also  be  published  in  the  May  issue  of  the  Transactions. 
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NOTICE  TO  ACTIVE  MEMBERS 

In  accordance  with  the  Bylaws  of  the  Academy,  Article  VII,  Section  7, 
the  Nominating  Committee  of  the  Council  is  inserting  in  this  April  issue 
a  notice  to  Active  Members,  quoting  Article  IV,  Section  1  of  the  Bylaws. 

Article  IV,  Section  1  reads  as  follows: 

“Suggestions  by  the  Members  ior  Nominations.  Suggestions  for  nomi¬ 
nations  of  Officers  of  the  Academy  and  Members  of  the  Council,  with  the 
exception  of  Sectional  Chairmen,  may  be  sent  in  writing  by  any  Active 
Member  of  the  Academy,  addressed  to  the  Nominating  Committee  of  the 
Academy,  2  East  Sixty-third  Street,  New  York,  N.Y.,  with  the  name  of 
the  proposer.  To  be  considered,  such  suggestions  must  be  received  not 
later  than  September  1  of  each  year.” 
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